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Glyphosate-resistant (GR) Italian ryegrass has been documented in many different
countries around the world and has now become a major problem in row crop production
areas of Mississippi. Field experiments were conducted from 2006 to 2008 in the
Mississippi Delta to evaluate various herbicide and tillage treatment programs for its
control.
Highest level of control and reduction of GR Italian ryegrass biomass was
observed with mechanically incorporated as well as surface applied residual herbicides in
the fall of the year. Control of GR Italian ryegrass was 86-95% with surface applications
of clomazone at 0.56, 0.84, and 1.12 kg ai/ha, s-metolachlor at 1.79 kg ai/ha and KIH-485
at 0.16 kg ai/ha 171 days after emergence. Using a systems approach, preplant
incorporated (PPI) clomazone and/or s-metolachlor followed by preemergence (PRE)
application of paraquat + linuron+ non-ionic surfactant was also found to control and
reduce biomass of GR Italian ryegrass.
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CHAPTER I
INTRODUCTION
Glyphosate
Glyphosate [N-(phosphonomethyl) glycine] is a foliar-applied, non-selective,
postemergence, systemic, broad-spectrum herbicide (Baylis 2000). In sensitive plants,
glyphosate competes with the substrate phosphoenolpyruvate (PEP) at the 5enolpyruvylshikimate-3-phosphate synthase enzyme-binding site in the chloroplast,
thereby inhibiting the shikimate pathway. Products of the shikimate pathway are the
essential aromatic amino acids tryptophan, tyrosine, phenylalanine, and other important
metabolic products. Accumulation of shikimate through deregulation of the shikimate
pathway causes plant death. The slow mode of action allows glyphosate to translocate
through the plant before phytotoxicity occurs.
Glyphosate was first commercialized in 1974 and its low cost, tight soil sorption,
physiochemical characteristics, application flexibility, and low toxicity have made
glyphosate the most widely used herbicide worldwide (Green 2007). Glyphosate is
classified as a non-selective herbicide, has no soil activity (Grossbard and Atkinson
1985), and can be applied directly or broadcast to plant vegetation to control emerged
weeds (Ahrens 1994). For the past thirty years, glyphosate has been used to control over
300 annual, perennial, and biennial herbaceous grasses, sedges, broadleaves as well as
brush and trees. Glyphosate has been documented to control 74 of the 76 worst weeds in
the world (Franz et al. 1996).
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The general public can readily purchase dry or liquid glyphosate formulations that
are mixed, packaged, and pre-loaded with spray adjuvant prior to sale. Biological
activity as well as formulation properties are influenced by the type and amount of
adjuvant added to the glyphosate formulation (Green 2007). Originally formulated as an
acid, glyphosate has most recently been formulated as a salt to improve solubility as well
as other biological and physiological properties. Isopropylamine or potassium salts are
the primary formulations for glyphosate products in today’s market. Glyphosate is also
available as ammonium, diammonium, or sesquisodium salts. Until recently, glyphosate
was also sold in a trimesium salt formulation (Green 2007).
Use of glyphosate to control weeds in genetically-engineered glyphosate-resistant
crops such as soybean [Glycine max (L.) Merr.], cotton (Gossypium hirsutum L.), canola
(Brassica napus L.), and corn (Zea mays L.) has resulted in a significant increase in
glyphosate use worldwide (Duke and Powles 2008; Powles et al. 1997). Glyphosateresistant crops provide growers with a weed control program that is extremely effective
with minimal risk of injury to the crop (Carpenter and Gianessi 1999; Green 2007).
Glyphosate use in cotton has increased from 700,000 kg/yr since glyphosate-resistant
cotton was introduced in 1997 to 3,870,000 kg/yr today (Young 2006). Applications of
glyphosate increased from one per year to 1.8 per year in 2001 as glyphosate became a
part of the farmer’s postemergence weed control programs in glyphosate-resistant cotton.
Soil residual herbicides applied prior to weed emergence were initially the backbone of
weed control in cotton prior to the introduction and widespread adoption of glyphosateresistant varieties.
Glyphosate-resistant crops also permit farmers to implement no-tillage or reduced
tillage systems that reduce input costs and use of equipment (Carpenter and Gianessi
2

1999). Utilizing glyphosate in weed control programs as an alternative to conventional
herbicide programs and tillage practices reduces soil erosion and diminishes loss of
valuable top soil, while providing management of difficult-to-control annual and
perennial weeds (Gianessi 2005; Fawcett and Towery 2004). Introduction of glyphosateresistant crops contributed to significant increases in no-tillage and strip tillage
production hectarage (Cerdeira and Duke 2006; Service 2007; Young 2006). In 1995,
glyphosate became one of the top three herbicides used to control vegetation prior to
planting in no-tillage soybean (Young 2006). Use of glyphosate has continually
increased since 1995 with the largest increase of 18% occurring between 1997 and 1998
(Young 2006).
Adoption of glyphosate-resistant crops also reduces production inputs due to the
lower cost of glyphosate compared with other selective or non-selective herbicides
(Bradley et al. 2004; CTIC 2004ab; Johnson et al. 2000; Reddy and Whiting 2000). In
2007, glyphosate-resistant soybean, cotton, and corn comprised 90, 91, and 60%,
respectively, of the entire United States planted crop acres (Dill et al. 2008; James 2006).
Commercial release of cotton varieties with enhanced glyphosate tolerance (Roundup
Ready Flex®) has allowed for increased rates and for applications of glyphosate to be
made over-the-top of cotton at later growth stages (Young 2006). This technology
provides additional input cost deductions and reduces the need for multiple herbicide
applications by allowing producers to delay postemergence applications of glyphosate
(Young 2006).
Untimely glyphosate applications do not provide adequate weed control. Delayed
glyphosate application in no-tillage production systems contributed to increased seed
production from winter annual weeds as well as early-season weed interference with the
3

crop (Owen 1997; Young 2006). Severe reduction or elimination of soil residual
herbicides in weed control programs, lack of crop rotation, failure to alternate herbicides
with various modes of action, and sole dependence on glyphosate reduces the
biodiversity of arable land and creates an environment for selection of glyphosateresistant weeds (Conner et al. 2003; Green 2007; Firbank and Forcella 2000; Powles
2003; Watkinson et al. 2000). Delaying glyphosate applications and increasing rate
and/or the number of glyphosate applications will most likely promote a shift towards
glyphosate tolerant weeds and contribute to enhanced evolution of glyphosate-resistant
weed species (Green 2007; Owen 2001; Young 2006). Examples include glyphosateresistant horseweed (Conyza canadensis L.) and Palmer amaranth (Amaranthus palmeri
S. Wats) in cotton and soybean production systems (Culpepper et al. 2006; Koger et al.
2004; Mueller et al. 2003; VanGessel 2001). Regardless of the overreliance on
glyphosate, the use of glyphosate and development of additional glyphosate-resistant
crops and turfgrasses are growing and expanding rapidly (Green 2007).
Herbicide resistance
Herbicide resistance is defined as the inherited ability of a weed population to
survive an herbicide application that is normally lethal to the vast majority of individuals
of that species (Powles et al. 1997). The Weed Science Society of America (WSSA)
defines resistance as “the inherited ability of a plant to survive and reproduce following
exposure to a dose of herbicide normally lethal to the wild type. In a plant, resistance
may be naturally occurring or induced by such techniques as genetic engineering or
selection of variants produced by tissue culture or mutagenesis” (Weed Technology
12:789, 1998). Herbicide tolerance is defined by the WSSA as “the inherent ability of a
4

species to survive and reproduce after herbicide treatment; implicating that there was no
selection or genetic manipulation to make the plant tolerant; it is naturally tolerant"
(Weed Technology 12:789, 1998). Evolutionary factors for herbicide-resistant weeds
are: (1) repeated application of herbicides that are highly efficacious having the same site
of action, (2) extensively distributed and annual weeds that occur at high population
densities, species with great genetic variability, prolific seed production, extensive gene
(pollen or seed) distribution capabilities, and (3) farming practices that favor a limited
number of dominant weed species (Owen 2001; Thill and Lemerle 2001).
Herbicide resistance in a weed population starts when a small number of plants
within a species survive a particular herbicide application (Green 2007). However, select
weeds have a variation in their genetic makeup and application of herbicides at low rates
allow weak survival mechanisms to reach higher levels of resistance (Baucom and
Mauricio 2004; Neve and Powles 2005). Most herbicide-resistant weed biotypes are
target-site based (Powles et al. 1997). The target site mechanism is often attributed to a
mutation of a single, major (large phenotypic effect) gene with a high degree of
dominance. Herbicides applied at registered rates can select for a major gene resistance
and suboptimal herbicide rates may select for major and minor gene resistance (Jaseniuk
et al. 1996). Farmers who focus on short-term economic returns or convenience by
electing to use glyphosate-resistant crop technology for extended periods of time without
rotating to conventional crops or herbicides with different modes of action may
contribute to the evolution of herbicide-resistant weed populations (Beckie 2006;
Culpepper 2006; Rotteveel et al. 1997).
Producers deficient in knowledge regarding the impact of farming practices and
management tactics to combat herbicide resistance, economic factors, nonexistent
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herbicide history on rented land, and being devoid of long-term stewardship planning
may hamper their ability to delay herbicide resistance (Friesen et al. 2000). The
evolution of herbicide resistance can be delayed by implementing a comprehensive
integrated weed management (IWM) program. The adoption of the IWM practices by
producers usually occurs only after herbicide resistance has evolved (Beckie and Gill
2006). How long resistance can be delayed by implementing a given IWM program is
not currently known (Beckie 2006).
Glyphosate resistance
Since the introduction of glyphosate in 1974 (Woodburn 2000) and widespread
adoption of glyphosate-resistant crops combined with long-term usage, evolved
glyphosate resistance was not reported until 1998 (Powles et al. 1998). Properties of
glyphosate, such as its mode of action, chemical structure, limited metabolism, and lack
of soil residual contributed to lack of evolution of glyphosate resistance in weed species
until 1997 (Bradshaw et al. 1997).
Glyphosate resistance has been documented in nineteen weed species worldwide
(Heap 2010). They include rigid ryegrass (Lolium rigidum Gaud.) in Australia (Powles et
al. 1998; Pratley et al. 1999) and the United States (U.S.) (Simarmata et al. 2003),
goosegrass [Eleusine indica (L.) Gaertn.] in Malaysia (Lee and Ngim 2000; Tran et al.
1999), horseweed [Conyza canadensis (L.) Cronq.] in Brazil, China, Czech Republic,
Spain, and the U.S. (Heap 2010, Koger et al. 2004; Mueller et al. 2003; VanGessel 2001),
Italian ryegrass [Lolium perenne L. ssp. multiflorum (Lam.) Husnot] in Argentina (Heap
2010), Brazil (Heap 2010), Chile (Perez and Kogan 2003) and the U.S. (Nandula et al.
2007; Perez-Jones et al. 2005), tall waterhemp (Amaranthus tuberculatus (syn. rudis)
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Sauer) in the U.S. (Heap 2010; Owen and Zelaya 2005), common ragweed (Ambrosia
artemisiifolia L.) in the U.S. (Heap 2010: Sellers et al. 2005), Palmer amaranth
(Amaranthus palmeri S. Wats.) in the U.S. (Culpepper et al. 2006; Heap 2010), hairy
fleabane (Conyza bonariensis L.) in Brazil, Colombia, Israel, South Africa, Spain and the
U.S. (Heap 2010), buckhorn plantain (Plantago lanceolata L.) in South Africa (Heap
2010), wild poinsettia (Euphorbia heterophylla L.) in Brazil (Heap 2010), johnsongrass
[Sorghum halepense (L.) Pers.] in Argentina and the U.S. (Heap 2010), sourgrass
(Digitaria insularis (L.) Mez ex Ekman) in Brazil and Paraguay (Heap 2010), junglerice
(Echinochloa colona (L.) Link) in Australia (Heap 2010), giant ragweed (Ambrosia
trifida L.) in the U.S. (Heap 2010), liverseedgrass (Urochloa panicoides Beauv.) in
Australia, sumantran fleabane (Conyza sumatrensis) in Spain (Heap 2010), kochia
(Kochia scoparia) in the U.S. (Heap 2010), perennial ryegrass (Lolium perenne) in
Argentina (Heap 2010) and ragweed parthenium (Parthenium hysterophorus) in
Colombia (Heap 2010). The majority of these nineteen weed species have evolved
resistance to glyphosate in row-crop fields.
Italian ryegrass
Italian ryegrass, annual ryegrass, and perennial ryegrass are listed as common
names for Lolium perenne L. ssp. multiflorum (Lam.) Husnot. Italian ryegrass is in the
Poaceae family belonging to genus Lolium L., species Lolium perenne L. and subspecies
Lolium perenne ssp. multiflorum (Lam.) Husnot (Terrel 1968; USDA 2008). Lolium spp.
are native to Asia, Europe, and North Africa but are grown worldwide (Hall 1992).
Italian ryegrass is described as a short, rhizomatous, annual or biennial
bunchgrass that grows from 30 to 90 cm tall, often with erect stems exhibiting purple
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coloration at the base. Leaf blades are rolled in the bud, have no pubescence, are shiny
and dark green in color with prominent venation, have flat blades 4 to 10 mm wide and 6
to 20 cm long, are sharply tapered, and keeled with conspicuous auricles (Hannaway et
al. 1999; Whitson et al. 2000). Leaf margins are slightly rough to the touch. The leaf
blade is joined to the sheath at the collar and the leaf sheath is split and overlapping with
no hairs (Hannaway et al. 1999). The collar of Italian ryegrass is narrow, hairless, and
yellowish- to whitish-green in color with a membranous ligule 1 to 4 mm and narrow and
hairless auricles (Hannaway et al. 1999). Stems are comprised of nodes and internodes
with each node bearing a leaf. The uppermost stem is called the peduncle and supports
the inflorescence. Italian ryegrass stem heights are dependent on variety, moisture, and
environmental conditions (Hannaway et al.1999). Spikelets which are 8 to 30 mm long,
excluding the awns, contain 10 to 20 florets 6 to 10 mm is attached to the rachilla
(Hannaway et al. 1999). Lemmas of Italian ryegrass are conspicuously awned. The
terminal spikelet contains two glumes which are absent in other spikelets (Hannaway et
al. 1999). Inflorescence is a solitary spike of 10 to 40 cm containing 5 to 39 alternately
arranged spikelets attached edgewise directly to the rachis giving the appearance of
flattened spikes terminating the stem (Hannaway et al. 1999). The root system of Italian
ryegrass is highly branched and dense, with many fibrous adventitious roots with no
rhizomes or stolons (Hannaway et al. 1999). The red-tinged base of Italian ryegrass,
awned lemmas, and short glumes are distinguishing characteristics which separates it
from Lolium perenne ssp. perenne and Lolium temulentum.
Italian ryegrass inflorescence emergence date is based on the day the third head
emerges from its sheath. This physiological development indicates the conversion from
vegetative to reproductive growth and caryopsis formation (Beddows 1973). Three
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weeks after head emergence, anthesis occurs under favorable weather conditions. Short
days and cool temperatures (7 C) followed by long days of 12 hours or more are required
for anthesis (Thorogood 1992). Anthesis occurs once daily around midday and is more
profuse on warm, bright days. Release and success of pollination are influenced by
weather conditions (Cocks 1958). Direction and strength of air currents influence the
distribution of pollen among plants (Beddows 1973).
Italian ryegrass is a profuse seed producer and under favorable cultivation
practices can produce 406 to 610 kg of seed per acre (Beddows 1973). Production of
Italian ryegrass seed ranges from 200,000 to 250,000 seed/lb with an average of 228,000
seed/pound (Hannaway et al. 1999). Seed are described as a mature ovule enclosed by a
lemma (4 to 8 mm long) and a palea, and have a straight, slender awn measuring to 15
mm in length. The rachilla segment or the central axis of the spikelet that supports a
floret which breaks off and remains at the base of the seed is somewhat wedge-shaped
(Hannaway et al. 1999). Seed are relatively heavy and compact, limiting long distance
dispersal (Thompson and Grime 1979; Rutledge and McLendon 1996), however, Carey
(1995) has documented that seeds can be dispersed by animals. Seeds germinate when
adequate moisture is available and will tolerate a wide range of daytime temperature
fluctuations and light regimes. Germination occurs within six to ten days when
temperatures are between 10 to 30 C during the daytime hours (Hannaway et al. 1999).
Plants grow vigorously in winter and early-spring and are highly competitive for
nutrients, water, and sunlight. Geunter (1929) documented fluorescence in seminal roots
of germinated Italian ryegrass when placed under ultra-violet light. Fluorescence is
dominant gene-dependent and used to distinguish L. perenne ssp. mulitflorum from L.
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perenne ssp. perenne and provides a method of determining contamination (Corkill
1933).
Italian ryegrass establishes quickly and grows rapidly in a wide range of soils
with pH levels ranging from 5 to 7.9 and various drainage regimes. Shaded areas or
locations with extended periods of drought or low temperatures are not favorable
environments for growth and development. Italian ryegrass can withstand -22 C and
requires 150 frost free days for reproduction (Carey 1995; USDA 2002). Due to the
vigorous seedling and plant growth, Italian ryegrass has a tendency to dominate
companion species and those with smaller seeds and slower development (Davies 1928).
The United States grows approximately three million acres of annual ryegrass
with 90% being used for winter pasture in the southeast (Hall 1992). Italian ryegrass is
extremely palatable and nutritious to all types of livestock and many cultivars are grown
for pasture, hay, and silage (Carey 1995; Hall 1992; USDA 2002). The high production
capacity and forage quality of Italian ryegrass makes it a popular feed source when hay is
in short supply and an excellent wildlife food source (Hall 1992; Hannaway et al. 1999).
Annual ryegrass is used to interseed corn and other row crops in the northeast and Pacific
Northwest to reduce soil erosion and absorb excess nitrogen following harvest (Hall
1992). Italian ryegrass is also used for soil stabilization. An extensive, shallow, and
fibrous root system enables ryegrass to establish quickly and prevent soil erosion while
allowing slower growing, longer lived grass species to become established (Hafenrichter
et al. 1968; Hall 1992; Hannaway et al. 1999). Research has shown that Italian ryegrass
possesses allelopathic properties which interfere with the growth and development of
neighboring plant species (McKell et al. 1969) Guoxi et al. (2008) documented decaying
Italian ryegrass soil residue significantly reduced tillering of rice (Oryza sativa L.). One
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of the isolated allelochemicals, benzenepropanoic acid, significantly inhibited rice
seedling root elongation when present at a concentration ≥0.1 mM.
Italian ryegrass readily hybridizes with other ryegrass species and escapes from
cultivation and has resulted in naturalization along roadsides (Carey 1995, Rutledge and
McLendon 1996, Wilken 1993). Italian ryegrass has become a problematic weed along
roadsides and in cereal, vegetable, and grass seed crops (Appleby et al. 1976; Bell 1995;
Stanger et al. 1989; Taylor and Coats 1996). Italian ryegrass densities of 600 to 1000
plants m-1 have contributed to 100% yield loss in broccoli (Brassica oleracea var.
botrytis) production (Bell 1995). Competition between Italian ryegrass and cereal crops
has resulted in 60% or higher yield loss (Appleby et al. 1976).
Italian ryegrass control
Control of Italian ryegrass along roadsides and in crop production areas has been
achieved using herbicides in the past. Italian ryegrass control in wheat production has
been achieved with preemergence applications of chlorsulfuron applied at 18 & 35 g
ai/ha and 26 g ai/ha provided 73% to 98% and 88 to 94%, respectively (Griffin 1986;
Klingaman and Peeper 1989). Scott and French (1999) documented 84 and 75% control
of Italian ryegrass when pendimethalin (1,100 g ai/ha) was applied preemergence and 5
days after wheat planting, respectively. Triasulfuron applied preemergence at 26 and 53
g ai/ha controlled Italian ryegrass 77 and 91%, respectively (Klingaman and Peeper
1989). Two- to four-leaf Italian ryegrass was controlled 97 to 98% when metribuzin was
applied at 420 g ai/ha; however, injury to wheat did affect overall yield (Griffin 1986).
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Resistance of Italian ryegrass to non-glyphosate herbicides
Herbicide-resistant biotypes of Italian ryegrass have been reported in 12 states in
the United States and nine countries worldwide (Bond et al. 2005; Heap 2010). A
majority of states report acetylcoenzyme A carboxylase, or ACCase, resistant Italian
ryegrass; however, Mississippi and Oregon have reported glycine (glyphosate) and
acetolactate synthase (ALS) resistant Italian ryegrass (Heap 2010). Idaho biotypes
exhibit multiple resistance to ACCase and ALS inhibitors, as well as chlorocetamides
(Heap 2010). Historically, diclofop-methyl has controlled Italian ryegrass in wheat
production systems in the United States and worldwide; however, repeated use over an
extended time has selected for resistant biotypes (Appleby et al. 1976; Stanger et al.
1989).
Italian ryegrass is one of the most common and problematic weeds of wheat
(Triticum aestivum L.) in the southeastern United States (Webster 2008). Cultural
practices to control diclofop-resistant Italian ryegrass in wheat include increased tillage,
delayed planting, increased seeding rate, narrow rows, and crop rotation (Justice et al.
1994). These practices were less effective than herbicides in controlling Italian ryegrass
in Oklahoma. Current recommendations from Arkansas include a program approach to
control diclofop-resistant Italian ryegrass in wheat (Scott et al. 2008). This approach
includes (1) full tillage when Italian ryegrass first emerges followed by a post application
of a ryegrass herbicide, (2) preemergence application of chlorsulfuron/metsulfuron in the
fall followed by a postemergence application ryegrass herbicide, or (3) sequential
application of penoxaden or mesosulfuron-methyl in the fall followed by spring
applications of either penoxaden or mesulfuron-methyl (Scott et al. 2008). Control of
Italian ryegrass present in imidazolinone-resistant wheat was 90 to 100% 10 wk after
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treatment (WAT) with fall postemergence applications of imazamox at 53 g ae/ha
(Clemmer et al. 2004). Fall applications of imazamox applied to 3- to 4-leaf Italian
ryegrass were more effective than spring applications of imazamox to 1- to 3-tiller
Italian ryegrass. Taylor and Coats (1996) documented two sulfometuron-resistant
biotypes of Italian ryegrass located along U.S. Highway 49E and State Highway 14
rights-of-way in Holmes and Humphreys counties, Mississippi. These biotypes displayed
a 10- to 100-fold increase in sulfometuron required to reduce shoot fresh weight of Italian
ryegrass.
Glyphosate resistant Italian ryegrass
Australia was the first to document two separate populations of rigid ryegrass to
have a 7- to 11- and 10-fold resistance to glyphosate (Pratley et al.1999; Powles et al.
1998). One accession in South Africa and California has also been documented as
glyphosate-resistant (Heap 2010). In 1999, evolved populations of Italian ryegrass with a
2- to 4-fold resistance to glyphosate were identified in two different fruit orchards in
Chile (Perez and Kogan 2003). Use of glyphosate for nearly fifteen years to control
Italian ryegrass in fruit orchards of central Chile resulted in selection pressure and
glyphosate resistance (Perez et al. 2002). Ineffective control of Italian ryegrass in a
filbert (Corylus avellana L.) orchard in Portland, Oregon, where glyphosate had
controlled weeds in the orchard successfully the previous 15 years was documented in
2003 (Perez-Jones et al. 2005). Glyphosate tolerance of the Oregon population was 5fold compared with the susceptible population. Nandula et al. (2007), in Mississippi,
documented the first glyphosate-resistant Italian ryegrass populations found in row crop
production. Two separate Italian ryegrass populations from Mississippi survived
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glyphosate rates up to 0.84 and 1.68 kg ae/ha. This represents a 3-fold tolerance to
glyphosate compared with the susceptible population (Nandula et al. 2007).
Christoffoleti et al. (2005) conducted field and greenhouse experiments to
determine the rate of control of glyphosate-resistant biotypes of Italian ryegrass with
alternative herbicides at specific phenological stages in Brazilian fields with a soybeanwheat rotation. They concluded that glyphosate-resistant Italian ryegrass was more
difficult to control using glyphosate when applied at advanced phenological stages of
growth. Alternative herbicides provided excellent control when applied at all growth
stages up to pre-anthesis.
Justification of proposed research
In order to reduce input costs, use of equipment, soil erosion, and number of
herbicide applications, producers have adopted glyphosate-resistant crop technologies
and have replaced conventional tillage practices with conservation or no tillage systems
(Capenter and Gianessi 1999; Cerderia and Duke 2006; Service 2007; Young 2006).
Glyphosate is relied upon heavily and used as a preplant burndown herbicide,
postemergence treatment, and sometimes as a harvest aid in Mississippi row crop
production (Poston, personal communication). Identification of glyphosate-resistant
Italian ryegrass in Mississippi row crop production areas poses a challenge to growers
utilizing conservation or no tillage systems (Nandula et al. 2007). Heavy infestations of
glyphosate-resistant Italian ryegrass could compromise preplant burndown practices and
weed control options in conservation or no tillage systems (Nandula et al. 2007).
Ineffective control of Italian ryegrass prior to planting can result in significant ryegrass
residue which impedes the planting process in conservation or no tillage crop production
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systems (Nandula et al. 2007). Previous research evaluating control of glyphosateresistant Italian ryegrass with postemergence applications of clethodim alone and in
combination with glyphosate and/or ammonium sulfate resulted in inadequate control of
Italian ryegrass (Bond et al. 2008).
Objectives of research
It is important to identify effective herbicide and/or cultivation programs and
herbicide application timings that adequately control glyphosate-resistant Italian ryegrass
to prevent competition and reduction in yield in Mississippi row crop production systems.
To identify effective management options for glyphosate-resistant Italian ryegrass, the
objectives of this research were to (1) evaluate fall-applied residual herbicides, (2)
evaluate postemergence herbicides as impacted by application timing, (3) determine the
most effective rate and application timing of paraquat and residual herbicide tankmixtures, and (4) evaluate and determine the most effective application timing, tillage
regime, and herbicide rate to provide a systems approach to management of glyphosateresistant Italian ryegrass. An economic analysis will also be conducted for all treatments
to determine the most cost effective herbicide(s) and or tillage treatment(s) available to
Mississippi growers. This research will help establish guidelines and recommendations
for control and management of glyphosate-resistant Italian ryegrass in glyphosateresistant crop production systems in Mississippi.
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CHAPTER II
EVALUATION OF FALL-APPLIED RESIDUAL HERBICIDES FOR CONTROL OF
GLYPHOSATE-RESISTANT ITALIAN RYEGRASS
Abstract
Experiments were conducted at an on-farm site near Tribbett, Mississippi, to
evaluate fall applications of residual herbicides for control of glyphosate-resistant (GR)
Italian ryegrass. Both mechanically incorporated and fall-applied residual herbicides
were more effective in controlling and reducing biomass of GR Italian ryegrass than
spring-applied postemergence herbicides in 2006-07 and 2007-08. Incorporated
applications of pendimethalin and trifluralin, regardless of rate, provided similar control
of GR Italian ryegrass both years. GR Italian ryegrass control was improved following
incorporated pendimethalin applications at 1.06 and 1.59 kg ai/ha when compared with
surface applications of pendimethalin at the same rates. Control of GR Italian ryegrass
was 86 to 95% with surface applications of clomazone at 0.56, 0.84, and 1.12 kg ai/ha, smetolachlor at 1.79 kg ai/ha and KIH-485 at 0.16 kg ai/ha 171 DAT in 2006-07. All rates
of clomazone and s-metolachlor and KIH-485 at 0.16 kg/ha controlled GR Italian
ryegrass at least 85% 163 DAT in 2007-08. KIH-485 at 0.16 kg/ha provided better
control than KIH-485 at 0.03 or 0.05 kg/ha at all evaluations >90 days after application
both years. Flumioxazin at 0.07 kg ai/ha provided 67 and 70% control of GR Italian
ryegrass 163 and 171 DAT in 2006-07 and 2007-08. Fall applications of glufosinate,
pendimethalin, and KIH-485 (0.03 or 0.05 kg/ha) and spring applications of paraquat,
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glufosinate, glyphosate (1.27 and and 2.52 kg ae/ha), or glyphosate plus clethodim
controlled GR Italian ryegrass <73% at 171 and 163 DAT in 2006-07 and 2007-08. Fall
tillage controlled GR Italian ryegrass only 23 and 38% 171 and 163 DAT in 2006-07 and
2007-08, respectively. Tillage did reduce biomass both years compared with the
nontreated control. Incorporated applications of pendimethalin at either rate as well as
surface applications of clomazone, KIH-485, and s-metolachor reduced fresh weight and
dry weight of GR Italian ryegrass compared with the nontreated check and tillage alone
both years. Neither surface-applied rate of pendimethalin impacted the fresh or dry
weight of GR Italian ryegrass compared with other treatments. During both years, as the
rate of clomazone and KIH-485 increased, biomass reduction also increased. From the
observed results, growers should include fall applied residual herbicides as part of an
overall control program to control and reduce Italian ryegrass residue for successful
spring planting.
Nomenclature: Clomazone, flumioxazin, glufosinate, glyphosate, KIH-485, paraquat,
pendimethalin, s-metolachlor, trifluralin, Lolium perenne L. ssp.
multiflorum (Lam.) Husnot.
Additional index words: glyphosate resistance, glyphosate-resistant Italian ryegrass,
weed resistance, preemergence, tillage.
Introduction
Use of glyphosate to control weeds in genetically-engineered, glyphosate-resistant
(GR) crops such as soybean [Glycine max (L.) Merr.], cotton (Gossypium hirsutum L.),
canola (Brassica napus L.), and corn (Zea mays L.) has resulted in a significant increase
in glyphosate use worldwide (Duke and Powles 2008; Powles et al. 1997). Glyphosate25

resistant crops provide producers with a weed control program that is extremely effective
with minimal risk of injury to the crop (Carpenter and Gianessi 1999; Green 2007).
These crops permit growers to implement no-tillage or reduced tillage systems that
reduce input costs, use of equipment, soil erosion, diminish losses of top soil, and reduces
the need for multiple herbicide applications. Additionally, producers are given the option
to delay postemergence applications of glyphosate while providing management of
difficult-to-control annual and perennial weeds (Carpenter and Gianessi 1999; Gianessi
2005; Fawcett and Towery 2004; Young 2006).
Untimely glyphosate applications do not provide adequate weed control (Young
2006). Delayed glyphosate application in no-tillage production systems contributed to
increased seed production from winter annual weeds as well as early-season weed
interference with the crop (Owen 1997; Young 2006). Severe reduction or elimination of
soil residual herbicides in weed control programs, lack of crop rotation, failure to
alternate herbicides with different modes of action, and sole dependence on glyphosate
reduces the biodiversity of arable land and creates an environment for selection of GR
weeds (Conner et al. 2003; Firbank and Forcella 2000; Green 2007; Powles 2003;
Watkinson et al. 2000). Delaying as well as increasing rate and/or the number of
glyphosate applications will most likely promote a shift towards glyphosate tolerant
weeds and contribute to enhanced evolution of GR weed species (Green 2007; Owen
2001; Young 2006). Examples include GR horseweed (Conyza canadensis L.) and
Palmer amaranth (Amaranthus palmeri S. Wats) in cotton and soybean production
systems (Culpepper et al. 2006; Koger et al. 2004; Mueller et al. 2003; VanGessel 2001).
Italian ryegrass is described as a short, rhizomatous, annual or biennial
bunchgrass that grows from 30 to 90 cm tall, often with erect stems exhibiting purple
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coloration at the base (Davies 1928). Seeds germinate when adequate moisture is
available and will tolerate a wide range of daytime temperature fluctuations and light
regimes. Germination occurs within six to ten days when temperatures are between 10 to
30 C during the daytime (Hannaway et al. 1999). Plants grow vigorously in winter and
early-spring and are highly competitive for nutrients, water, and sunlight. Italian ryegrass
establishes quickly and grows rapidly in a wide range of soils with pH levels ranging
from 5 to 7.9 and various drainage regimes. Italian ryegrass can withstand -22 C and
requires 150 frost free days for reproduction (Carey 1995; USDA 2002). Due to the
vigorous seedling and plant growth, Italian ryegrass has a tendency to dominate
companion species and those with smaller seeds and slower development (Davies 1928).
The United States grows approximately three million acres of annual ryegrass
with 90% being used for winter pasture in the southeast United States (USDA 2002).
Italian ryegrass is extremely palatable and nutritious for all types of livestock and many
cultivars are grown for pasture, hay, and silage (Carey 1995; Hall 1992; USDA 2002).
The high production capacity and forage quality of Italian ryegrass makes it a popular
feed source when hay is in short supply and an excellent wildlife food source (Hall 1992;
Hannaway et al. 1999). Italian ryegrass is also used for soil stabilization. An extensive,
shallow, and fibrous root system enables Italian ryegrass to establish quickly and prevent
soil erosion while allowing slower growing, longer lived grass species to become
established (Hafenrichter et al. 1968; Hall 1992; Hannaway et al. 1999).
Ryegrass species and Italian ryegrass readily hybridize and escape cultivation,
resulting in naturalization along roadsides (Carey 1995; Rutledge and McLendon 1996;
Wilken 1993). Italian ryegrass has become a problematic weed along roadsides and in
cereal, vegetable, and grass seed crops (Appleby et al. 1976; Bell 1995; Stanger et al.
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1989; Taylor and Coats 1996). Italian ryegrass densities of 600 to 1,000 plants/m2 have
contributed to 100% yield loss in broccoli (Brassica oleracea var. botrytis) production
(Bell 1995). Competition between Italian ryegrass and cereal crops has resulted in 60%
or higher yield loss (Appleby et al. 1976).
Control of Italian ryegrass along roadsides and in crop production areas has been
achieved using herbicides in the past. Preemergence applications of chlorsulfuron at 18,
35, and 26 g ai/ha provided 73% to 98% and 88 to 94% Italian ryegrass control,
respectively, in wheat (Griffin 1986; Klingaman and Peeper 1989). Scott and French
(1999) documented 84 and 75% control of Italian ryegrass when pendimethalin (1,100 g
ai/ha) was applied preemergence and 5 days after wheat planting, respectively.
Triasulfuron applied preemergence at 26 and 53 g ai/ha controlled Italian ryegrass 77 and
91%, respectively (Klingaman and Peeper 1989). Two- to four-leaf Italian ryegrass was
controlled 97 to 98% when metribuzin was applied at 420 g ai/ha (Griffin 1986).
Italian ryegrass is one of the most common and problematic weeds of wheat
(Triticum aestivum L.) in the southeastern United States (Webster 2008). Cultural
practices to control diclofop-resistant Italian ryegrass in wheat include increased tillage,
delayed planting, increased seeding rate, narrow rows, and crop rotation (Justice et al.
1994). These practices were less effective than herbicides in controlling Italian ryegrass
in Oklahoma. Current recommendations from Arkansas include a program approach to
control diclofop-resistant Italian ryegrass in wheat (Scott et al. 2008). This approach
includes (1) full tillage when Italian ryegrass first emerges followed by a postemergence
application of a grass herbicide, (2) preemergence application of chlorsulfuron plus
metsulfuron in the fall followed by a postemergence grass herbicide, or (3) sequential
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application of penoxaden or mesosulfuron-methyl in the fall followed by spring
applications of either penoxaden or mesosulfuron-methyl (Scott et al. 2008).
Two separate populations of rigid ryegrass (Lolium rigidum) from Australia
exhibited a 7- to 11- and 10-fold resistance to glyphosate (Pratley et al.1999; Powles et
al. 1998). GR rigid ryegrass has also been documented in South Africa and California
(Heap 2010). In 1999, populations of Italian ryegrass with a 2- to 4-fold resistance to
glyphosate were identified in two different fruit orchards in Chile (Perez and Kogan
2003). Ineffective control of Italian ryegrass in a filbert (Corylus avellana L.) orchard in
Portland, Oregon, where glyphosate had controlled weeds in the orchard successfully the
previous 15 years was documented in 2003 (Perez-Jones et al. 2005). Glyphosate
tolerance of the Oregon population was five-fold compared with the susceptible
population (Perez-Jones et al. 2005). Nandula et al. (2007) documented the first GR
Italian ryegrass populations in row crop production in the United States. Two separate
Italian ryegrass populations from Mississippi survived glyphosate rates up to 0.84 and
1.68 kg ae/ha. This represented a 3-fold tolerance to glyphosate compared with the
susceptible population (Nandula et al. 2007). Taylor and Coats (1996) documented two
sulfometuron-resistant biotypes of Italian ryegrass located along U.S. Highway 49E and
State Highway 14 rights-of-way in Holmes and Humphreys counties, Mississippi. These
biotypes displayed a 10- to 100-fold increase in sulfometuron required to reduce shoot
fresh weight of Italian ryegrass.
In order to reduce input costs, use of equipment, soil erosion, and number of
herbicide applications, producers have adopted GR crop technologies and have replaced
conventional tillage practices with conservation or no tillage systems (Capenter and
Gianessi 1999; Cerderia and Duke 2006; Service 2007; Young 2006). Glyphosate is
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relied upon heavily and used as a preplant burndown herbicide, postemergence treatment,
and sometimes as a harvest aid in Mississippi row crop production (Poston, personal
communication). Identification of GR Italian ryegrass in Mississippi row crop
production areas poses a challenge to producers utilizing conservation or no tillage
systems (Nandula et al. 2007). Heavy infestations of GR Italian ryegrass could
compromise preplant burndown practices and weed control options in conservation or no
tillage systems (Nandula et al. 2007). Ineffective control of Italian ryegrass prior to
planting can result in significant Italian ryegrass residue which impedes the planting
process in conservation or no tillage crop production systems (Nandula et al. 2007).
Christoffoleti et al. (2005) conducted field and greenhouse experiments to determine
control of GR Italian ryegrass with alternative herbicides at specific phenological stages
in Brazilian fields with a soybean-wheat rotation. They concluded that GR Italian
ryegrass was more difficult to control using glyphosate applied at advanced phenological
stages of growth. Alternative herbicides provided excellent control when applied at all
growth stages up to pre-anthesis. However, previous research evaluating control of GR
Italian ryegrass with postemergence applications of clethodim alone and in combination
with glyphosate and/or ammonium sulfate resulted in inadequate control in Mississippi
(Bond et al. 2008).
Little data are available relative to control of GR Italian ryegrass in row crop
production systems in the Mid-South. It is important to identify effective herbicide
and/or cultivation programs and herbicide application timings that adequately control GR
Italian ryegrass to prevent competition and yield reduction in Mississippi row crop
production systems. To identify effective management options for GR Italian ryegrass,
the objective of this research was to evaluate fall-applied preemergence herbicides for
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control of GR Italian ryegrass. An economic analysis was also conducted to determine
the most cost effective herbicide(s) and or tillage treatment(s) available to Mississippi
growers. This research will help establish guidelines and recommendations for control
and management of glyphosate-resistant Italian ryegrass in glyphosate-resistant crop
production systems in Mississippi.
Materials and Methods
A study was conducted in 2006-07 (Year 1) and 2007-08 (Year 2) at an on-farm
site near Tribbett, Mississippi, to evaluate fall applications of residual herbicides for
control of GR Italian ryegrass. Soil at Tribbett was a Forrestdale silty clay loam (fine,
smectitic, thermic Typic Endoaqualf). Plots were established following no-tillage
soybean and were naturally infested with GR Italian ryegrass (Nandula et al. 2007). The
study site was maintained as a fallow location throughout the duration of the experiments.
Daily average air temperature and total precipitation were obtained from weather stations
maintained by the Delta Agriculture Weather Center located approximately 16 km from
Tribbett (Tables 2.1-2.4).
Herbicide Control and Tillage.
Treatments were replicated four times within a randomized complete block
experimental design. Herbicide treatments included soil-incorporated (INCOR)
applications of trifluralin (1.12 and 1.68 kg ai/ha) and pendimethalin (1.06 and 1.59 kg
ai/ha); surface applications (FPOST) of pendimethalin (same rates as INCOR), smetolachlor (1.06, 1.42, and 1.79 kg ai/ha), clomazone (0.56, 0.84, and 1.12 kg ai/ha),
KIH-485 (0.03, 0.04, and 0.16 kg ai/ha), flumioxazin (0.07 kg ai/ha), glufosinate (0.59 kg
ai/ha); and spring-applied postemergence (SPOST) applications of glufosinate (0.59 kg
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ai/ha), glyphosate (1.27 and 2.52 kg ae/ha), glyphosate plus clethodim (0.86 kg ae/ha plus
0.14 kg ai/ha), and paraquat (1.12 kg ai/ha). An additional treatment of paraquat (1.12
kg/ha) was applied FPOST in Year 2. All applications of paraquat included a nonionic
surfactant at 0.25% v/v. A fall tillage treatment and a nontreated control were included
for comparison.
All herbicide treatments were applied using a CO2-pressurized backpack sprayer
and hand-held boom equipped with XR 11003FF nozzles 11 calibrated to deliver 140 L/ha
at 137 kPa. Soil-incorporated treatments were incorporated using a rototillar to a depth
of 7.6 cm to 10.2 cm. Experimental plots measured 2 m wide by 7.62 m long.
Treatments were applied November 11, 2006 and November 8, 2007 for INCOR,
FPOST, and tillage treatments, and March 12, 2007 and March 12, 2008 for SPOST
applications.
GR Italian ryegrass control was visually estimated on a scale of 0 (no control) to
100% (complete control). In Year 1 (2006-2007), GR Italian ryegrass control was
estimated 90, 125, 171 d after application (DAA) of fall treatments; POST treatments
were evaluated 10 and 56 DAA. In Year 2 (2007-2008), control was evaluated 22, 29,
130, 141, and 163 DAA for fall treatments; POST treatments were evaluated 5, 16, and
38 DAA. In Year 1 (2006-2007) actively growing, non-senesced, above ground shoot
biomass samples of Italian ryegrass were collected from a 1-m2 area per plot were
collected in May of 2007. Plant biomass samples were obtained by collecting all plants
in the 1-m2 grid in each plot. Plants were cut at soil level and placed into labeled brown
paper bags. Fresh weights were recorded and expressed in kg/ha. In Year 2 (2007-08),
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senesced above ground shoot biomass samples from a 1-m2 area per plot were collected
in May of 2008. Plant biomass samples were obtained by collecting all plants in the 1-m2
grid in each plot. Plants were cut at soil level, placed into labeled brown paper bags, and
allowed to dry under greenhouse conditions for 14 days. Dry weights were recorded and
expressed in kg/ha.
Data were subjected to ANOVA using the Statistical Analysis System (version
9.1, SAS Institute Inc.; Cary, N.C.). Significant treatment by year interactions were
detected for all variables and test of normality on arcsin transformed data of GR Italian
ryegrass did not increase homogeneity of variation; therefore, nontransformed data are
presented separately by year. Means were separated using Fisher’s protected LSD at P =
0.05.
Results and Discussion
Herbicide Control and Tillage 2006.
GR Italian ryegrass control and growth response to treatments applied in 20062007 are presented in Table 2.5. Trifluralin and pendimethalin at all rates INCOR
provided 99% control of GR Italian ryegrass 90 DAA in Year 1. Clomazone, smetolachlor, and flumioxazin at all rates, as well as KIH-485 at 0.16 kg/ha FPOST
controlled GR Italian ryegrass 97 to 99% 90 DAA. KIH-485 at 0.03 and 0.05 kg/ha as
well as pendimethalin at 1.59 kg/ha FPOST provided 80-85% control 90 DAA. Tillage
alone, pendimethalin at 1.06 kg/ha and glufosinate at 0.59 kg/ha FPOST did not provide
adequate control of GR Italian ryegrass 90 DAA.
Pendimethalin at 1.06 and 1.59 kg/ha and trifluralin at 1.12 and 1.68 kg/ha
INCOR, KIH-485 at 0.16 kg/ha, flumioxazin at 0.07 kg/ha as well as clomazone and s33

metolachlor at all rates FPOST provided 85% to 96% control of GR Italian ryegrass 125
DAA. Tillage alone, pendimethalin at 1.06 and 1.59 kg/ha, and KIH-485 at 0.03 and 0.05
kg/ha FPOST did not provide adequate control 125 DAA. Paraquat at 0.84 kg/ha and
glyphosate at 0.86 kg/ha + clethodim at 0.14 kg/ha SPOST provided 85% control 10
DAA. Paraquat at 1.12 kg/ha and glyphosate at 1.27 and 2.25 kg/ha SPOST provided
55% to 71 % control 10 DAA, where as glufosinate at 0.59 kg/ha SPOST did not provide
adequate control of GR Italian ryegrass 10 DAA.
Trifluralin at 1.12 kg/ha and pendimethalin at 1.59 kg/ha INCOR, clomazone at
all rates, KIH-485 at 0.16 kg/ha, and s-metolachlor at 1.79 kg/ha FPOST provided similar
control of GR Italian ryegrass, 80-95% 171 DAA. Trifluralin at 1.68 kg/ha and
pendimethalin at 1.06 kg/ha INCOR, flumioxazin at 0.07 kg/ha and s-metolachlor at 1.06
and 1.42 kg/ha applied FPOST, provided 70-79% control 171 DAA. Tillage alone, KIH485 at 0.3 and 0.5 kg/ha, glufosinate at 0.59 kg/ha, and pendimethalin at 1.06 and 1.59
kg/ha FPOST did not provide adequate control 171 DAT. SPOST applications did not
provide greater than 66% control of GR Italian ryegrass 56 DAA.
Herbicide Control and Tillage 2007.
GR Italian ryegrass control and growth response to treatments applied in 20072008 are presented in Table 2.6. GR Italian ryegrass was controlled 92-100% with all
INCOR and FPOST applications 22 and 29 DAA in Year 2. Trifluralin at 1.12 and 1.68
kg/ha and pendimethalin at 1.59 kg/ha INCOR, all rates of s-metolachlor and clomazone
as well as KIH-485 at 0.16 kg/ha SPOST provided 90-98% control of GR Italian ryegrass
130 DAA when compared to all treatments. Pendimethalin at 1.06 kg/ha INCOR, KIH485 at 0.05 kg/ha, and flumioxazin at 0.07 kg/ha FPOST provided 83-88% 130 DAA.
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KIH-485 at 0.03 kg/ha and pendimethalin at 1.06 and 1.59 kg/ha FPOST provided 6577% control. Tillage alone, paraquat at 0.84 kg/ha and glufosinate at 0.59 kg/ha FPOST
did not provide adequate control of GR Italian ryegrass 130 DAA.
Trifluralin at 1.12 and 1.68 kg/ha and pendimethalin at 1.59 kg/ha INCOR,
clomazone and s-metolachlor at all rates FPOST, KIH-485 0.16 kg/ha FPOST, and
paraquat at 0.84 and 1.12 kg/ha SPOST provided 85-98% control of GR Italian ryegrass
141 and 16 DAA. Pendimethalin at 1.06 kg/ha INCOR, flumioxazin at 0.07 kg/ha and
KIH-485 at 0.03 and 0.05 kg/ha FPOST provided similar control (70-80%) 141 DAA.
All other treatments inadequately controlled GR Italian ryegrass.
Trifluralin at 1.12 kg/ha and pendimethalin at 1.59 kg/ha INCOR, clomazone and
s-metolachlor at all rates, and KIH-485 at 0.16 kg/ha FPOST provided 85-98% control of
GR Italian ryegrass 163 DAA. Trifluralin at 1.68 kg/ha and pendimethalin at 1.06 kg/ha
INCOR provided 77-80% control 163 DAA. Paraquat at either rate applied SPOST
provided similar control as KIH-485 0.03 and 0.05 kg/ha and flumioxazin at 0.07 kg/ha
FPOST, 38 and 163 DAA, respectively. All remaining treatments inadequately
controlled GR Italian ryegrass.
Biomass 2006.
GR Italian ryegrass control and growth response to treatments applied in 20062007 are presented in Table 2.5. Actively growing non-senesced above ground shoot
biomass samples from a 1-m2 area was collected from each plot and weighed in May of
2007 to determine the impact of herbicide treatments on GR Italian ryegrass fresh weight.
All treatments significantly reduced fresh weight compared to the nontreated check 56
and 171 DAA. Tillage alone significantly reduced fresh weight of GR Italian ryegrass
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(5220 kg/ha) when compared to the nontreated control (16150 kg/ha) 171 DAA.
Trifluralin at 1.12 and 1.68 kg/ha and pendimethalin at 1.06 and 1.59 kg/ha INCOR
significantly reduced fresh weight of GR Italian ryegrass 580 and 1060 kg/ha and 790
and 640 kg/ha, respectively when compared to tillage alone (5220 kg/ha) 171 DAA. As
KIH-485 rates increased from 0.03 to 0.05 kg/ha applied FPOST, fresh weight of Italian
ryegrass significantly decreased from 7100 kg/ha to 484 kg/ha 171 DAA. KIH-485 at
0.05 and 0.16 kg/ha FPOST significantly reduced the fresh weight of Italian ryegrass
from 484 kg/ha and 0 kg/ha compared to KIH-485 at 0.03 kg/ha FPOST (7100 kg/ha) 171
DAA. As rate of s-metolachlor decreased from 1.79 and 1.42 to 1.06 kg/ha, FPOST,
fresh weight significantly decreased from 2220 and 1970 to 380 kg/ha 171 DAA.
Clomazone, FPOST, at all rates, reduced fresh weight similarly 171 DAA.
Pendimethalin, INCOR, at either rate significantly reduced GR Italian ryegrass fresh
weight (790 and 640 kg/ha) compared to pendimethalin FPOST at either rate, (7290 and
6870 kg/ha) 171 DAA. Fresh weight of GR Italian ryegrass was similar (5750 and 6290
kg/ha) with glufosinate at 0.59 kg/ha 171 DAA FPOST and 56 DAA SPOST. No
significant reduction in fresh weight of GR Italian ryegrass was observed 56 DAA when
the rate of paraquat was increased from 0.84 kg/ha to 1.12 kg/ha SPOST. The addition of
clethodim at 0.14 kg/ha to glyphosate at 0.86 kg/ha SPOST did not significantly reduce
fresh weight of GR Italian ryegrass 56 DAA, when compared to glyphosate alone at
either rate applied SPOST. However, paraquat at 0.84 kg ai/ha and glyphosate at 0.86
kg/ha plus clethodim at 0.14 kg/ha SPOST did significantly reduce fresh weight of GR
Italian ryegrass 56 DAA compared to glufosinate at 0.59 kg ai/ha applied FPOST or
SPOST. KIH-485 at 0.05 and 0.16 kg/ha, clomozone at 0.56, 0.84, and 1.12 kg/ha, and smetolachlor at 1.06 kg/ha, all FPOST, significantly reduced fresh weight of GR Italian
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ryegrass compared to glufosinate 0.59 kg/ha, KIH-485 at 0.03 kg/ha, and pendimethalin
at 1.06 and 1.59 kg/ha, all FPOST, as well as glyphosate at 1.27 and 2.52 kg/ha,
glufosinate at 0.59 kg/ha, and paraquat 1.12 kg/ha, all SPOST, 56 DAA.
Overall, all herbicide applications, regardless of timing, significantly reduced
fresh weight of GR Italian ryegrass when compared to the nontreated check in 2006-07.
INCOR applications regardless of rate significantly reduced fresh weight when compared
to the non treated check and tillage alone. Clomazone at all rates, KIH-485 at 0.05 and
0.16 kg/ha, and s-metolachlor at 1.06 kg/ha FPOST significantly reduced fresh weight
when compared to tillage alone, KIH-485 at 0.03 kg/ha, glufosinate at 0.59 kg/ha, and
pendimethalin at either rate FPOST and glufosinate at 0.59 kg/ha, glyphosate at 2.52
kg/ha, and paraquat at 1.12 kg/ha SPOST in 2006-07.
Biomass 2007.
GR Italian ryegrass control and growth response to treatments applied in 20062007 are presented in Table 2.6. Senesced above ground shoot biomass samples from a
1-m2 area per plot were collected, allowed to dry and weighed in May of 2008 to
determine if applied herbicides reduced GR Italian ryegrass residue in the field. All
treatments except for pendimethalin at 1.06 and 1.59 kg/ha applied FPOST significantly
reduced dry weight compared to the nontreated check 188 DAA. Tillage alone INCOR
significantly reduced dry weight of GR Italian ryegrass (1370 kg/ha) when compared to
the nontreated control (1890 kg/ha) 188 DAA. Pendimethalin at 1.06 and 1.59 kg/ha
INCOR significantly reduced dry weight of GR Italian ryegrass (610 and 410 kg/ha)
when compared to pendimethalin FPOST at the same rates (2550 and 2110 kg/ha) 188
DAA. As KIH-485, clomazone, and s-metolachlor rate increased with FPOST dry
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weight of GR Italian ryegrass decreased 188 DAA. Paraquat at 0.84 and 1.12 kg/ha,
applied SPOST, significantly reduced dry weight (530 and 580 kg/ha) 63 DAA when
compared to paraquat at 0.84 kg/ha FPOST (1380 kg/ha) 188 DAA. Trifluralin INCOR
at either rate reduced dry weight of GR Italian ryegrass similarly (200 and 300 kg/ha) 188
DAA. A rate response was noted with increasing rates of KIH-485 resulting in
decreasing dry weight of ryegrass 188 DAA. Addition of clethodim at 0.14 kg ai/ha to
glyphosate at 0.86 kg/ha SPOST did not significantly reduce dry weight of GR Italian
ryegrass when compared to glyphosate at either rate alone SPOST 63 DAA. Glufosinate
FPOST or SPOST was similar in reduction of dry weight (1270 and 1460 kg/ha) 188 and
63 DAA. Clomazone at 0.56 kg/ha FPOST significantly reduced GR Italian ryegrass
when compared to pendimethalin at 1.06 and 1.59 kg/ha and KIH-485 at 0.03 kg/ha
FPOST 188 DAA. S-metolachlor at 1.42 and 1.79 kg/ha FPOST significantly reduced
dry weight of GR Italian ryegrass 60 and 0 kg/ha when compared to all treatments and
application timings.
In 2007-08 trifluralin at either rate, pendimethalin at 1.59 kg/ha INCOR,
clomazone at 0.84 kg/ha and 1.12 kg/ha, KIH-485 at 0.16 kg/ha, s-metolachlor at all rates
FPOST, and paraquat at 0.84 kg/ha SPOST all significantly reduced biomass of GR
Italian ryegrass when compared to the non treated check, tillage alone, glufosinate at 0.59
kg/ha, KIH-485 at 0.03 kg/ha, pendimethalin at either rate, and paraquat at 0.84 kg/ha
FPOST, and glufosinate at 0.59 kg/ha and glyphosate plus clethodim SPOST. As
clomazone and s-metolachlor rates increased, reduction of biomass of GR Italian ryegrass
increased. Pendimethalin did not significantly reduce the fresh weight or the dry weight
biomass of GR Italian ryegrass when compared to all other treatments regardless of year.
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Economics.
Cost of herbicide and tillage treatments applied for control of GR resistant Italian
ryegrass in 2007 and 2008 is presented in Table 2.7. All costs were calculated using the
Mississippi State University Department of Agricultural Economics Budget Report 200802 Cotton Planning Budget (December 2008). Costs are expressed as dollars/kg ai/ha.
Fixed cost of sprayer and disk/harrow is expressed in dollars/ha. Fixed cost of 8.5 m
disk/harrow and 27.5 m sprayer was $18.58/ha and $3.56/ha. All treatment costs which
received tillage and/or incorporation (INCOR) alone and in combination with
herbicide(s) included the fixed cost of an 8.5 m disk/harrow, the 27.5 m sprayer, and
herbicide(s) applied. All other treatment (SPOST and FPOST) application costs were
based on the fixed cost of a 27.5 m sprayer and the herbicide(s) applied only. Tillage
alone (INCOR) cost $18.58/ha. Trifluralin INCOR treatments applied at 1.12 and 1.68
kg/ha cost $38.57 and $46.97kg ai/ha. Pendimethalin at 1.06 and 1.59 kg/ha INCOR cost
$40.91 and $50.30 kg ai/ha. Pendimethalin at the same rates FPOST cost $22.33 kg ai/ha
and $31.72 kg ai/ha. FPOST applications of s-metolachlor at 1.06, 1.42, and 1.79 kg/ha
cost $34.79, $45.39, and $56.29 kg ai/ha, respectively. Application of clomazone at 0.56,
0.84, and 1.12 kg/ha FPOST cost $46.09, $67.36, and $88.62 kg ai/ha, respectively.
Flumioxazin at 0.07 kg/ha FPOST cost $24.41kg ai/ha. Glufosinate at 0.59 kg/ha applied
FPOST and SPOST cost $32.75 kg ai/ha. Glyphosate at 1.27 and 2.52 kg/ha SPOST cost
$43.35 and $82.51kg ai/ha. Tankmix of glyphosate at 0.86 kg/ha plus clethodim at 0.14
kg/ha SPOST cost $32.15 kg ai/ha. Paraquat at 0.84 and plus Induce at 0.25% v/v
FPOST and SPOST and paraquat at 1.12 kg/ha plus Induce at the same rate cost $32.03
and $41.11 kg ai/ha. Costs for KIH-485 were not available as this herbicide is not yet
commercially available.
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After evaluating the control of and biomass reduction of GR Italian 2006 and
2007, the following tillage and or herbicide recommendations would be recommended:
trifluralin at 1.12 kg/ha INCOR ($38.57 kg ai/ha), pendimethalin at 1.59 kg/ha INCOR
($50.30 kg ai/ha), and FPOST applications of clomazone at all rates ($46.09-$88.62 kg
ai/ha) and s-metolachlor at all rates ($34.79-$56.29 kg ai/ha). KIH-485 was also highly
effective but is not yet commercially available. Choice of herbicide should not be based
on price alone. Growers should also consider the level of weed pressure present, weather
conditions, crop rotation, the mode of action of herbicides used previously, and soil type.
Growers who are battling GR Italian ryegrass should consider including the costs fall
applied and tillage treatment options above in their budget.
These results support previous findings (Barnes et al. 2001; Bond et al. 2005;
Chauhan et al. 2007a; Ritter and Membere 2006; Wright et al. 2006) where control of
Italian ryegrass was achieved with FPOST applications of pendimethalin. Use of
trifluralin has increased 10 fold in Australia since 1996 as a control option for herbicideresistant rigid ryegrass (Lolium rigidum) (Gill 1996). The ability of these two residual
herbicides to persist in the soil providing control of new emerging GR Italian ryegrass
provides options for growers combating populations of GR Italian ryegrass. However,
incorporation is a determining factor in the level of control from pendimethalin or
trifluralin in the field. In this experiment, INCOR applications of pendimethalin provided
significantly better control than FPOST applications. Differences in control could be
attributed to photodegredation of the herbicide if not incorporated into the soil following
application. Due to the development of resistant rigid ryegrass in Austraila, trifluralin
has been widely adopted as part of an overall herbicide program. However, McAllister et
al. (1995) has reported resistance of rigid ryegrass to trifluralin with several more cases
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being reported in Australia (Chauhan et al 2007a). Therefore, care should be taken that
herbicide rotation using different modes of action is implemented when controlling
Italian ryegrass here in the United States. Webster et al. (1999) has documented that
clomazone effectively controlled barnyardgrass Echinochloa crus-galli (L.) Beauv.).
Clomazone also controls crabgrass [Digitaria sanguinalis (L.) Scop.] and fall panicum
(Panicum dichotomiflorum) (Anonymous 2010). As a result of this experiment,
clomazone should also be considered a viable treatment option for GR Italian ryegrass
control. Based on the economic analysis of effective treatments in this study, costs for
tillage and/or herbicide options for controlling GR Italian ryegrass range from $38.57 to
$88.62 kg ai/ha. Little information regarding control of GR Italian ryegrass with many of
the herbicides evaluated in this experiment is available at this time. Further investigation
is needed to determine the effects of successful herbicide and tillage treatments.
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Table 2.1

Average air temperature, solar radiation, percent relative humidity, and
precipitation for November 2007.

Date

Air
Temperature
C

Solar
Radiation
Langleys/day

Relative
Humidity
%

Precipitation
cm

11/1/2007
11/2/2007
11/3/2007
11/4/2007
11/5/2007
11/6/2007
11/7/2007
11/8/2007
11/9/2007
11/10/2007
11/11/2007
11/12/2007
11/13/2007
11/14/2007
11/15/2007
11/16/2007
11/17/2007
11/18/2007
11/19/2007
11/20/2007
11/21/2007
11/22/2007
11/23/2007
11/24/2007
11/25/2007
11/26/2007
11/27/2007
11/28/2007
11/29/2007
11/30/2007

13
8
8
11
16
9
3
8
12
11
13
18
16
18
6
1
8
15
16
14
19
6
3
3
7
8
5
3
8
5

376
285
370
370
366
345
395
389
371
256
248
242
247
247
157
376
365
165
27
199
213
157
108
320
71
21
63
317
294
316

45
49
38
34
35
36
23
25
25
55
40
53
52
54
52
26
22
58
88
61
64
68
64
50
76
91
78
54
41
42

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.30
0.00
0.00
0.00
0.90
0.00
0.00
0.30
0.00
0.00
0.90
2.50
0.00
0.00
0.00
0.00
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Table 2.2

Average air temperature, solar radiation, percent relative humidity, and
precipitation for December 2007.

Date

Air
Temperature
C

Solar
Radiation
Langleys/day

Relative
Humidity
%

Precipitation
cm

12/1/2007
12/2/2007
12/3/2007
12/4/2007
12/5/2007
12/6/2007
12/7/2007
12/8/2007
12/9/2007
12/10/2007
12/11/2007
12/12/2007
12/13/2007
12/14/2007
12/15/2007
12/16/2007
12/17/2007
12/18/2007
12/19/2007
12/20/2007
12/21/2007
12/22/2007
12/23/2007
12/24/2007
12/25/2007
12/26/2007
12/27/2007
12/28/2007
12/29/2007
12/30/2007
12/31/2007

5
18
1
0.55
6
0.55
10
18
18
18
17
18
8
4
12
-0.55
0
3
11
15
12
13
0
-0.55
0.55
1
5
6
0.55
0.55
0.55

275
294
80
333
310
297
190
230
161
229
145
217
34
134
85
19
308
312
66
84
144
93
142
315
247
306
122
39
83
273
267

41
37
66
48
24
30
49
60
61
56
72
53
91
77
77
70
45
29
64
84
75
81
60
30
28
37
65
83
77
59
31

0.00
0.00
0.20
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.10
1.20
0.00
0.20
3.30
0.00
0.00
0.00
0.30
0.30
0.00
0.60
0.00
0.00
0.00
1.30
0.00
1.90
0.00
0.00
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Table 2.3

Average air temperature, solar radiation, percent relative humidity, and
precipitation for March 2008.

Date

Air
Temperature
C

Solar
Radiation
Langleys/day

Relative
Humidity
%

Precipitation
cm

3/1/2008
3/2/2008
3/3/2008
3/4/2008
3/5/2008
3/6/2008
3/7/2008
3/8/2008
3/9/2008
3/10/2008
3/11/2008
3/12/2008
3/13/2008
3/14/2008
3/15/2008
3/16/2008
3/17/2008
3/18/2008
3/19/2008
3/20/2008
3/21/2008
3/22/2008
3/23/2008
3/24/2008
3/25/2008
3/26/2008
3/27/2008
3/28/2008
3/29/2008
3/30/2008
3/31/2008

10
11
16
4
2
6
2
-1
4
6
8
8
11
16
18
8
12
20
17
5
8
11
6
1
5
12
16
17
10
18
17

192
242
460
63
174
503
481
62
439
502
316
452
521
475
457
419
473
404
202
147
557
552
559
538
581
578
527
478
289
335
194

96
93
85
91
92
82
78
91
83
90
88
87
76
91
87
92
69
78
84
96
68
69
65
61
55
72
80
84
91
91
81

0.20
0.00
0.00
6.00
0.10
0.00
0.10
0.50
0.00
0.00
0.90
0.00
0.00
0.20
0.40
0.00
0.00
0.00
0.50
0.20
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.20
0.00
0.00
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Table 2.4

Average air temperature, solar radiation, percent relative humidity, and
precipitation for April 2008.

Date

Air
Temperature
C

Solar
Radiation
Langleys/day

Relative
Humidity
%

Precipitation
cm

4/1/2008
4/2/2008
4/3/2008
4/4/2008
4/5/2008
4/6/2008
4/7/2008
4/8/2008
4/9/2008
4/10/2008
4/11/2008
4/12/2008
4/13/2008
4/14/2008
4/15/2008
4/16/2008
4/17/2008
4/18/2008
4/19/2008
4/20/2008
4/21/2008
4/22/2008
4/23/2008
4/24/2008
4/25/2008
4/26/2008
4/27/2008
4/28/2008
4/29/2008
4/30/2008

17
11
15
20
10
12
15
16
18
20
23
11
8
5
6
9
12
17
12
16
17
18
17
21
18
12
17
11
10
14

319
128
155
364
37
283
464
578
459
396
394
494
649
594
490
665
656
527
184
632
556
599
347
568
444
607
129
115
649
647

93
76
95
92
83
86
88
85
87
81
82
54
66
67
68
68
75
74
81
79
75
68
95
81
83
86
93
73
67
77

5.70
0.09
0.10
0.60
7.80
0.00
0.00
0.00
0.00
0.00
0.10
0.10
0.00
0.00
0.00
0.00
0.00
0.00
0.90
0.00
0.00
0.00
0.30
0.00
0.00
3.10
0.30
1.10
0.00
0.00
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Rate
kg/hac
1.12
1.68
1.06
1.59
1.06
1.59
1.06
1.42
1.79
0.56
0.84
1.12
0.03
0.05
0.16
0.07

Trifluralin
Trifluralin

Pendimethalin
Pendimethalin
Pendimethalin
Pendimethalin

S-metolachlor
S-metolachlor
S-metolachlor

Clomazone
Clomazone
Clomazone

KIH-485
KIH-485
KIH-485

Flumioxazin

FPOST

FPOST
FPOST
FPOST

FPOST
FPOST
FPOST

FPOST
FPOST
FPOST

INCOR
INCOR
FPOST
FPOST

INCOR
INCOR

Time of
applicationd

11/10/2006

11/10/2006
11/10/2006
11/10/2006

11/10/2006
11/10/2006
11/10/2006

11/10/2006
11/10/2006
11/10/2006

11/10/2006
11/10/2006
11/10/2006
11/10/2006

11/10/2006
11/10/2006

Date
applied

97

80
85
99

99
99
98

97
98
97

99
99
64
80

85

55
60
95

92
96
96

86
90
92

85
90
39
45

70

45
40
95

86
95
94

75
78
86

79
84
23
25

2420

7100
484
0

250
400
20

380
1970
2220

790
640
7290
6870

-----------Days after applicationa------------90
10/125
56/171
56/171
Fresh wtb
-----------% control----------kg/ha
99
88
80
580
99
85
76
1060

Glyphosate-resistant Italian ryegrass control, and biomass with fall and spring-applied herbicide and tillage (20062007).

Treatment/Herbicide

Table 2.5
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Rate
kg/hac
0.59
1.27
2.52
0.86 +
0.14

Treatment/Herbicide

Glufosinate

Glyphosate
Glyphosate

Glyphosate +
clethodim

Table 2.5 (Continued)

0.59

Glufosinate
Nontreated

SPOST

SPOST
SPOST

SPOST

SPOST
SPOST

FPOST

Time of
applicationd

03/12/2007

03/12/2007
03/12/2007

03/12/2007

03/12/2007
03/12/2007

11/10/2006

Date
applied
50

27

86
71

85

65
65

69

10

61
50

66

44
60

33

6290
16150

1510
4280

1290

3390
3670

5750

-----------Days after applicationa------------90
10/125
56/171
56/171
Fresh wtb
-----------% control----------kg/ha

L.S.D. (0.05)
7
9
15
3090
a
Lower and higher number in days after application indicate days after spring (March 19, 2008) and fall
(November 10, 2007) applications, respectively.
b
Fresh weight represents actively growing non-senesced above ground shoot biomass.
c
All herbicides except glyphosate (ae/kg) are expressed as ai/kg.
d
INCOR: incorporated, FPOST: fall applied postemergence SPOST: spring applied postemergence.
e
Induce® used as adjuvant.

0.84
1.12

Paraquate
Paraquate
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Rate
kg/hac
1.12
1.68
1.06
1.59
1.06
1.59
1.06
1.42
1.79
0.56
0.84
1.12
0.03
0.05
0.16
0.07

Trifluralin
Trifluralin

Pendimethalin
Pendimethalin
Pendimethalin
Pendimethalin

S-metolachlor
S-metolachlor
S-metolachlor

Clomazone
Clomazone
Clomazone

KIH-485
KIH-485
KIH-485

Flumioxazin

FPOST

FPOST
FPOST
FPOST

FPOST
FPOST
FPOST

FPOST
FPOST
FPOST

INCOR
INCOR
FPOST
FPOST

INCOR
INCOR

Time of
applicationd

11/08/2007

11/08/2007
11/08/2007
11/08/2007

11/08/2007
11/08/2007
11/08/2007

11/08/2007
11/08/2007
11/08/2007

11/08/2007
11/08/2007
11/08/2007
11/08/2007

11/08/2007
11/08/2007

Date
applied

100

100
100
99

100
100
100

99
100
100

100
100
99
99

99

98
98
98

99
100
100

99
99
99

100
100
97
96

83

77
83
94

96
98
98

94
97
98

88
90
65
67

77

70
80
92

90
96
97

90
94
98

78
90
58
50

67

60
70
88

85
94
97

85
94
98

77
87
47
43

1010

1590
970
100

820
230
140

360
60
0

610
410
2550
2110

------------------------Days after applicationa-------------------22
29
5/130
16/
38/
63/188
141
163
Dry wtb
-------------------- % control -------------------kg/ha
100
100
95
90
87
200
100
99
91
85
80
300

Glyphosate-resistant Italian ryegrass control, and biomass with fall and spring-applied herbicide and tillage (20072008).

Treatment/Herbicide

Table 2.6
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0.59
1.27
2.52
0.86 +
0.14
0.84
1.12
0.59

Glyphosate
Glyphosate

Glyphosate +
clethodim

Paraquate
Paraquate
Glufosinate
Nontreated

kg/hac
0.84

Rate

Paraquate
Tillage
Glufosinate

Treatment/Herbicide

Table 2.6 (Continued)

SPOST
SPOST
SPOST

SPOST

SPOST
SPOST

FPOST
INCOR
FPOST

Time of
applicationd

03/12/2008
03/12/2008
03/12/2008

03/12/2008

03/12/2008
03/12/2008

11/08/2007
11/08/2007
11/08/2007

Date
applied

85
87
48

55

22
33

72
73
27

48

10
15

530
580
1460
1890

1690

1200
900

------------------------Days after applicationa-------------------22
29
5/130
16/
38/
63/188
141
163
Dry wtb
-------------------- % control -------------------kg/ha
100
97
52
45
37
1380
99
95
47
42
38
1370
99
92
38
27
22
1270

L.S.D. (0.05)
NS
3
9
12
14
820
a
Lower and higher number in days after application indicate days after spring (March 12, 2008) and fall (November 8, 2007)
applications, respectively.
b
Dry weight represents above ground shoot biomass.
c
All herbicides except glyphosate (ae/kg) are expressed as ai/kg.
d
INCOR: incorporated, FPOST: fall applied postemergence SPOST: spring applied postemergence.
e
Induce® used as adjuvant.
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FPOST
FPOST
FPOST
FPOST
FPOST
FPOST
FPOST

1.59
1.06
1.42
1.79
0.56
0.84
1.12
0.03
0.05
0.16

Clomazone
Clomazone
Clomazone

KIH-485 a
KIH-485 a
KIH-485 a

S-metolachlor
S-metolachlor
S-metolachlor

Pendimethalin
Pendimethalin

FPOST
FPOST
FPOST

INCOR
FPOST

1.59
1.06

Trifluralin
Trifluralin

Pendimethalin
Pendimethalin

INCOR
INCOR
INCOR

kg/hac
1.12
1.68
1.06

Time of
applicationd

Rate

----------

67.36
88.62

45.39
56.29
46.09

31.72
34.79

50.30
22.33

$/kg ai/hae
38.57
46.79
40.91

Cost

Treatment cost for fall and spring-applied herbicides and tillage for control of glyphosate-resistant Italian ryegrass
control (2007-2008).

Treatment/Herbicide

Table 2.7
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SPOST
SPOST
SPOST
SPOST
SPOST

2.52
0.86 +
0.14
0.84
1.12
0.59

41.11
32.75

32.03

82.51
32.15

43.35

$/kg ai/hae
24.41
32.75
18.58

Cost

b

KIH-485 is not currently available commercially pending labeling and distribution.
Induce® used as adjuvant.
c
All herbicides except glyphosate (ae/ha) all others are expressed as ai/ha.
d
INCOR: incorporated, FPOST: fall applied postemergence SPOST: spring applied postemergence.
e
Application costs for herbicide, sprayer 27.5 meter boom $3.56/ha, 8.53 meter disk and harrow $18.58/ha (Cotton 2009 Planning
Budgets Mississippi State University Dept. of Agricultural Economic Budget Report 2008-02).

a

Glufosinate
Nontreated

Paraquat
Paraquatb

b

Glyphosate + clethodim

Glyphosate
Glyphosate

FPOST
FPOST
INCOR
SPOST

Flumioxazin
Glufosinate

Time of
applicationd

1.27

kg/hac
0.07
0.59

Tillage

Rate

Treatment/Herbicide

Table 2.7 (Continued)
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CHAPTER III
EVALUATION OF POSTEMERGENCE HERBICIDES AND IMPACT OF
APPLICATION TIMING FOR CONTROL OF GLYPHOSATERESISTANT ITALIAN RYEGRASS
Abstract
Experiments were conducted at an on farm site location near Tribbett,
Mississippi, to evaluate postemergence herbicides and impact of application timing for
control of glyphosate-resistant (GR) Italian ryegrass. Studies were conducted over two
years, initiated in November of 2006 and terminated in May of 2008. Treatments
included commonly used herbicides utilized for postemergence weed control in the
Mississippi Delta and were applied in the fall (F), early spring (ES), and late spring (LS).
In the 2006-2007 experiment, fall applications of glyphosate at 1.72 and 2.58 kg/ha,
glyphosate at 0.86 kg/ha plus clethodim at 0.051 kg ai/ha, and paraquat at 0.84 and 1.12
kg ai/ha provided similar and the highest level control of GR Italian ryegrass among all
treatments and application timings 104, 120, and 137 DAA, respectively. Due to
differences in weather conditions between 2006-2007 and 2007-2008, fall applications of
these same herbicides did not control GR Italian ryegrass as well as the previous year.
Paraquat at either rate in combination with residual herbicides applied in the fall should
provided the best control of GR Italian ryegrass.
Nomenclature: 2,4-D, clethodim, dicamba, flumioxazin, glufosinate, glyphosate,
paraquat, Lolium perenne L. ssp. multiflorum (Lam.) Husnot.
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Additional index words: glyphosate resistance, glyphosate-resistant Italian ryegrass,
weed resistance, application timing, postemergence.
Introduction
Use of glyphosate to control weeds in genetically-engineered glyphosate-resistant
crops such as soybean [Glycine max (L.) Merr.], cotton (Gossypium hirsutum L.), canola
(Brassica napus L.), and corn (Zea mays L.) has resulted in a significant increase in
glyphosate use worldwide (Duke and Powles 2008; Powles et al. 1997). Glyphosateresistant crops provide growers with a weed control program that is extremely effective
with minimal risk of injury to the crop (Carpenter and Gianessi 1999; Green 2007).
These crops also permit farmers to implement no-tillage or reduced tillage systems that
reduce input costs and use of equipment (Carpenter and Gianessi 1999). Utilizing
glyphosate in weed control programs as an alternative to conventional herbicide
programs and tillage practices reduces soil erosion and diminishes loss of valuable top
soil, while providing management of difficult-to-control annual and perennial weeds
(Fawcett and Towery 2004, Gianessi 2005). Introduction of glyphosate-resistant crops
contributed to significant increases in no-tillage and strip tillage production hectarage
(Cerdeira and Duke 2006; Service 2007; Young 2006). In 1995, glyphosate became one
of the top three herbicides used to control vegetation prior to planting in no-tillage
soybean (Young 2006). Use of glyphosate has continually increased since 1995 with the
largest increase of 18% occurring between 1997 and 1998 (Young 2006).
Untimely glyphosate applications do not provide adequate weed control. Delayed
glyphosate application in no-tillage production systems contributed to increased seed
production from winter annual weeds as well as early-season weed interference with the
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crop (Owen 1997; Young 2006). Severe reduction or elimination of soil residual
herbicides in weed control programs, lack of crop rotation, failure to alternate herbicides
with various modes of action and sole dependence on glyphosate reduces the biodiversity
of arable land and creates an environment for selection of glyphosate-resistant weeds
(Conner et al. 2003; Firbank and Forcella 2000; Green 2007; Powles 2003; Watkinson et
al. 2000). Delaying glyphosate applications and increasing rate and/or the number of
glyphosate applications will most likely promote a shift towards glyphosate tolerant
weeds and contribute to enhanced evolution of glyphosate-resistant weed species (Green
2007; Owen 2001; Young 2006). Examples include glyphosate-resistant horseweed
(Conyza canadensis L.) and Palmer amaranth (Amaranthus palmeri S. Wats) in cotton
and soybean production systems (Culpepper et al. 2006; Koger et al. 2004; Mueller et al.
2003; VanGessel 2001). Regardless of the overreliance on glyphosate, the use of
glyphosate and development of additional glyphosate-resistant crops and turfgrasses are
growing and expanding rapidly (Green 2007).
Italian ryegrass is described as a short, rhizomatous, annual or biennial
bunchgrass that grows from 30 to 90 cm tall, often with erect stems exhibiting purple
coloration at the base (Davies 1928). Seeds germinate when adequate moisture is
available and will tolerate a wide range of daytime temperature fluctuations and light
regimes. Germination occurs within six to ten days when temperatures are between 10 to
30 C during the daytime (Hannaway et al. 1999). Plants grow vigorously in winter and
early-spring and are highly competitive for nutrients, water, and sunlight. Italian ryegrass
establishes quickly and grows rapidly in a wide range of soils with pH levels ranging
from 5 to 7.9 and various drainage regimes. Italian ryegrass can withstand -22 C and
requires 150 frost free days for reproduction (Carey 1995; USDA 2002). Due to the
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vigorous seedling and plant growth, Italian ryegrass has a tendency to dominate
companion species and those with smaller seeds and slower development (Davies 1928).
The United States grows approximately three million acres of annual ryegrass
with 90% being used for winter pasture in the southeast (USDA 2002). Italian ryegrass is
extremely palatable and nutritious to all types of livestock and many cultivars are grown
for pasture, hay, and silage (Carey 1995; Hall 1992; USDA 2002). The high production
capacity and forage quality of Italian ryegrass makes it a popular feed source, when hay
is in short supply, and an excellent wildlife food source (Hall 1992; Hannaway et al.
1999). Italian ryegrass is also used for soil stabilization. An extensive, shallow, and
fibrous root system enables Italian ryegrass to establish quickly and prevent soil erosion
while allowing slower growing, longer lived grass species to become established
(Hafenrichter et al. 1968; Hall 1992; Hannaway et al. 1999).
Ryegrass species and Italian ryegrass readily hybridize and escape cultivation,
resulting in naturalization along roadsides (Carey 1995; Rutledge and McLendon 1996;
Wilken 1993). Italian ryegrass has become a problematic weed along roadsides and in
cereal, vegetable, and grass seed crops (Appleby et al. 1976; Bell 1995; Stanger et al.
1989; Taylor and Coats 1996). Italian ryegrass densities of 600 to 1,000 plants/m2 have
contributed to 100% yield loss in broccoli (Brassica oleracea var. botrytis) production
(Bell 1995). Competition between Italian ryegrass and cereal crops has resulted in 60%
or higher yield loss (Appleby et al. 1976).
Control of Italian ryegrass along roadsides and in crop production areas has been
achieved using herbicides in the past. Preemergence applications of chlorsulfuron at 18
and 35, and 26 g ai/ha provided 73% to 98% and 88 to 94% Italian ryegrass control,
respectively, in wheat (Griffin 1986; Klingaman and Peeper 1989). Scott and French
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(1999) documented 84 and 75% control of Italian ryegrass when pendimethalin (1,100 g
ai/ha) was applied preemergence and 5 days after wheat planting, respectively.
Triasulfuron applied preemergence at 26 and 53 g ai/ha controlled Italian ryegrass 77 and
91%, respectively (Klingaman and Peeper 1989). Two- to four-leaf Italian ryegrass was
controlled 97 to 98% when metribuzin was applied at 420 g ai/ha (Griffin 1986).
Italian ryegrass is one of the most common and problematic weeds of wheat
(Triticum aestivum L.) in the southeastern United States (Webster 2008). Cultural
practices to control diclofop-resistant Italian ryegrass in wheat include increased tillage,
delayed planting, increased seeding rate, narrow rows, and crop rotation (Justice et al.
1994). These practices were less effective than herbicides in controlling Italian ryegrass
in Oklahoma. Current recommendations from Arkansas include a program approach to
control diclofop-resistant Italian ryegrass in wheat (Scott et al. 2008). This approach
includes (1) full tillage when Italian ryegrass first emerges followed by a postemergence
application of a grass herbicide, (2) preemergence application of chlorsulfuron plus
metsulfuron in the fall followed by a postemergence grass herbicide, or (3) sequential
application of penoxaden or mesosulfuron-methyl in the fall followed by spring
applications of either penoxaden or mesosulfuron-methyl (Scott et al. 2008).
Two separate populations of rigid ryegrass (Lolium rigidum) from Australia
exhibited a 7- to 11- and 10-fold resistance to glyphosate (Pratley et al.1999; Powles et
al. 1998). GR rigid ryegrass has also been documented in South Africa and California
(Heap 2010). In 1999, populations of Italian ryegrass with a 2- to 4-fold resistance to
glyphosate were identified in two different fruit orchards in Chile (Perez and Kogan
2003). Ineffective control of Italian ryegrass in a filbert (Corylus avellana L.) orchard in
Portland, Oregon, where glyphosate had controlled weeds in the orchard successfully the
61

previous 15 years was documented in 2003 (Perez-Jones et al. 2005). Glyphosate
tolerance of the Oregon population was 5-fold compared with the susceptible population
(Perez-Jones et al. 2005). Nandula et al. (2007) documented the first GR Italian ryegrass
populations in row crop production in the United States. Two separate Italian ryegrass
populations from Mississippi survived glyphosate rates up to 0.84 and 1.68 kg ae/ha.
This represented a 3-fold tolerance to glyphosate compared with the susceptible
population. Taylor and Coats (1996) documented two sulfometuron-resistant biotypes of
Italian ryegrass located along U.S. Highway 49E and State Highway 14 rights-of-way in
Holmes and Humphreys counties of Mississippi. These biotypes displayed a 10- to 100fold increase in sulfometuron required to reduce shoot fresh weight of Italian ryegrass.
Christoffoleti et al. (2005) conducted field and greenhouse experiments to
determine the rate of control of glyphosate-resistant biotypes of Italian ryegrass with
alternative herbicides at specific phenological stages in Brazilian fields with a soybeanwheat rotation. They concluded that glyphosate-resistant Italian ryegrass was more
difficult to control using glyphosate when applied at advanced phenological stages of
growth. Alternative herbicides provided excellent control when applied at all growth
stages prior to pre-anthesis.
Glyphosate resistance has been documented in nineteen weed species worldwide
(Heap 2010). They include rigid ryegrass (Lolium rigidum Gaud.) in Australia (Powles et
al. 1998; Pratley et al. 1999) and the United States (U.S.) (Simarmata et al. 2003),
goosegrass [Eleusine indica (L.) Gaertn.] in Malaysia (Lee and Ngim 2000; Tran et al.
1999), horseweed [Conyza canadensis (L.) Cronq.] in Brazil, China, Czech Republic,
Spain, and the U.S. (Heap 2010, Koger et al. 2004; Mueller et al. 2003; VanGessel 2001),
Italian ryegrass [Lolium perenne L. ssp. multiflorum (Lam.) Husnot] in Argentina (Heap
62

2010), Brazil (Heap 2010), Chile (Perez and Kogan 2003) and the U.S. (Nandula et al.
2007; Perez-Jones et al. 2005), tall waterhemp (Amaranthus tuberculatus (syn. rudis)
Sauer) in the U.S. (Heap 2010; Owen and Zelaya 2005), common ragweed (Ambrosia
artemisiifolia L.) in the U.S. (Heap 2010: Sellers et al. 2005), Palmer amaranth
(Amaranthus palmeri S. Wats.) in the U.S. (Culpepper et al. 2006; Heap 2010), hairy
fleabane (Conyza bonariensis L.) in Brazil, Colombia, Israel, South Africa, Spain and the
U.S. (Heap 2010), buckhorn plantain (Plantago lanceolata L.) in South Africa (Heap
2010), wild poinsettia (Euphorbia heterophylla L.) in Brazil (Heap 2010), johnsongrass
[Sorghum halepense (L.) Pers.] in Argentina and the U.S. (Heap 2010), sourgrass
(Digitaria insularis (L.) Mez ex Ekman) in Brazil and Paraguay (Heap 2010), junglerice
(Echinochloa colona (L.) Link) in Australia (Heap 2010), giant ragweed (Ambrosia
trifida L.) in the U.S. (Heap 2010), liverseedgrass (Urochloa panicoides Beauv.) in
Australia, sumantran fleabane (Conyza sumatrensis) in Spain (Heap 2010), kochia
(Kochia scoparia) in the U.S. (Heap 2010), perennial ryegrass (Lolium perenne) in
Argentina (Heap 2010) and ragweed parthenium (Parthenium hysterophorus) in
Colombia (Heap 2010). The majority of these nineteen weed species have evolved
resistance to glyphosate in row-crop fields.
Glyphosate is relied upon heavily and used as a preplant burndown herbicide,
postemergence treatment, and sometimes as a harvest aid in Mississippi row crop
production (Poston, personal communication). Identification of glyphosate-resistant
Italian ryegrass in Mississippi row crop production areas poses a challenge to growers
utilizing conservation or no tillage systems (Nandula et al. 2007). Heavy infestations of
glyphosate-resistant Italian ryegrass could compromise preplant burndown practices and
weed control options in conservation or no tillage systems (Nandula et al. 2007).
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Ineffective control of Italian ryegrass prior to planting can also result in significant
ryegrass residue which impedes the planting process of in conservation or no tillage crop
production systems (Nandula et al. 2007). Previous research evaluating control of
glyphosate-resistant Italian ryegrass with postemergence applications of clethodim alone
and in combination with glyphosate and/or ammonium sulfate resulted in inadequate
control of Italian ryegrass (Bond et al 2008).
In order to reduce input costs, use of equipment, soil erosion, and number of
herbicide applications, producers have adopted GR crop technologies and have replaced
conventional tillage practices with conservation or no tillage systems (Carpenter and
Gianessi 1999; Cerderia and Duke 2006; Service 2007; Young 2006). It is important to
identify effective herbicide and/or cultivation programs and herbicide application timings
that adequately control glyphosate-resistant Italian ryegrass to prevent competition and
reduction in yield in Mississippi row crop production systems. To identify effective
management options for glyphosate-resistant Italian ryegrass, the objective of this
research was to evaluate postemergence herbicides at different application timings for
control of glyphosate-resistant Italian ryegrass. Little data are available relative to
control of glyphosate-resistant Italian ryegrass in row crop production systems in the
Mid-South. An economic analysis was also conducted to determine the most cost
effective herbicide(s) and or tillage treatment(s) available to Mississippi growers. This
research will help establish guidelines and recommendations for control and management
of glyphosate-resistant Italian ryegrass in glyphosate-resistant crop production systems in
Mississippi.
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Materials and Methods
Experiments were conducted in the Mississippi Delta to evaluate postemergence
control and impact of herbicide application timing for control of glyphosate-resistant
(GR) Italian ryegrass. Two studies were established at an on farm site location near
Tribbett, Mississippi possessing a natural infestation of GR Italian ryegrass as
documented by Nandula et al. (2007). Experiments were conducted in 2006-07 (Year 1)
and 2007-08 (Year 2) at this site to evaluate fall applications of preemergence herbicides
for control of GR Italian ryegrass. Soil at Tribbett was classified as a Forrestdale silty
clay loam (fine, smectitic, thermic Typic Endoaqualf). Plots were established following
no-tillage soybean and were naturally infested with Italian ryegrass (Nandula et al. 2007).
The study site was maintained as a fallow location throughout the duration of the
experiments. Daily average air temperature and total precipitation were obtained from
weather stations maintained by the Delta Agriculture Weather Center located
approximately 16 km from Tribbett (Tables Tables 2.1-2.4).
Herbicide Control and Application Timings.
Treatments applied included commonly used herbicides utilized for
postemergence weed control in the Mississippi Delta and were applied in the fall (F),
early spring (ES), and late spring (LS). In 2006, treatments were applied on November
10, February 23, and March 19th. In 2007, treatments were applied on November 8,
March 12, and April 19th. Treatments were replicated four times within a randomized
complete block experimental design with a factorial arrangement of twelve herbicide
treatments and three application timings.
Herbicide treatments included glyphosate at 0.86, 1.72, 2.58 kg ae/ha, glyphosate
at 0.86 kg/ha + clethodim at 0.025 and 0.051 kg ai/ha, + 2,4-D at 0.84 kg ae/ha, +
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dicamba at 0.28 kg ae/ha, + flumioxazin at 0.071 kg ai/ha, paraquat at 0.84 and 1.12 kg
ai/ha + Dyne-Amic at 0.25% v/v, and glufosinate at 0.47 and 0.59 kg ai/ha. A nontreated
control was also included in the experiment for comparison. All herbicide treatments
were applied using a CO2-pressurized backpack sprayer and hand-held boom equipped
with XR 11003FF nozzles 2 calibrated to deliver 140 L/ha at 137 kPa. Experimental plots
measured 2 m wide by 7.62 m long.
Control was visually evaluated on a scale of 0 (no injury) to 100 (death) and
expressed as percent control of GR Italian ryegrass. In Year 1 (2006-2007), control
ratings were taken for F applications 19, 104, 120 and 137 days after application (DAA).
ES application ratings were taken 17 and 27 DAA, and LS applications were taken 10
DAA. In Year 2 (2007-2008), control ratings were taken for F applications 22, 130, 141,
153 and 159 DAA. ES application ratings were taken 16, 38, and 44 DAA. LS
applications were evaluated 6 DAA. Plant biomass samples were not collected during
Year 1 (2006-2007). In Year 2 (2007-2008), senesced above ground shoot biomass
samples from a 1-m2 area per plot were collected in May of 2008. Plant biomass samples
were obtained by collecting all plants in a 1-m2 grid in each plot. Plants were cut at soil
level, placed into labeled brown paper bags, and allowed to dry under greenhouse
conditions for 14 days. Dry weights were recorded and expressed in kg/ha.
Data were subjected to ANOVA using the Statistical Analysis System (version
9.1, SAS Institute Inc.; Cary, N.C. ) and means were separated using Fisher’s LSD Test
at P = 0.05 level. Significant year effects were detected due to timing of application and

2

Teejet XR 11003flat-fan nozzle, Spraying Systems Co., North Ave., Wheaton, IL 60189.
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evaluation dates. Test of normality on transformed data did not increase homogeneity of
variation; therefore, nontransformed data are presented separately by year.
Results and Discussion
Herbicide Control and Application Timings (2006)
Glyphosate-resistant Italian ryegrass control and growth response to treatments in
2006-2007 are presented in Table 3.1. Significant differences were detected among fall
herbicide applications (F). Glyphosate at 1.72 and 2.58 kg/ha, glyphosate at 0.86 kg/ha
plus clethodim at 0.025 or 0.051 kg/ha, and paraquat at 0.84 or 1.12 kg/ha controlled GR
Italian ryegrass 97 to 99% 19 DAA. Glufosinate at 0.47 and 0.59 kg/ha and glyphosate at
0.86 kg/ha alone and in combination with dicamba at 0.28 kg/ha, 2,4-D at 0.84 kg/ha, or
flumioxazin at 0.07 kg/ha provided similar control (74-85%) 19 DAA. By 104 DAA,
control from all treatments was similar and ranged from 70-95% control, with the
exception of glufosinate which provided the least amount of control at 68%.
An herbicide by application timing interaction was detected for GR Italian
ryegrass control among fall and early spring evaluation timings 120 and 17 DAA.
Glyphosate at 1.72 and 2.58 kg/ha, glyphosate at 0.86 kg/ha plus clethodim at 0.051
kg/ha, and paraquat at 0.84 or 1.12 kg/ha controlled GR Italian ryegrass 85 to 91% 120
DAA (F). Glyphosate at 0.84 kg/ha plus clethodim at 0.025 kg/ha applied in controlled
GR Italian ryegrass 81% 120 DAA (F). Glyphosate at 0.86 kg/ha plus 2,4-D at 0.84
kg/ha plus flumioxazin at 0.07 kg/ha provided 78% control 120 DAA (F). Glyphosate at
0.86 kg/ha alone or in combination with dicamba at 0.28 kg/ha controlled GR Italian
ryegrass 56% 120 DAA (F). GR Italian ryegrass was controlled 69% with glyphosate at
0.86 kg/ha plus 2,4-D at 0.84 kg/ha 120 DDA (F). Paraquat at 0.84 and 1.12 kg/ha
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applied ES provided 71% and 81% control, respectfully, 17 DAA. Early spring
applications of glyphosate at 0.86 kg/ha plus clethodim at 0.051 kg/ha controlled GR
Italian ryegrass only 56 to 60% 17 DAA. All other herbicide(s) combinations and
application timings controlled GR Italian ryegrass did not adequately control GR Italian
ryegrass.
An interaction was detected between herbicide and application timing during the
evaluation of GR Italian ryegrass 137, 27, and 10 days after fall, early spring and late
spring applications. Glyphosate at 1.72 and 2.58 kg/ha, glyphosate at 0.84 kg/ha plus
clethodim at 0.025 or 0.051 kg/ha, and paraquat 0.84 or 1.12 kg/ha controlled GR Italian
ryegrass 69-80% control 137 DAA (F). Paraquat at 1.12 kg/ha provided 62% control 27
DAA (ES). Late-spring applications (LS) of paraquat at 0.84 and 1.12 kg/ha controlled
GR Italian ryegrass 85% 10 DAA. Control of GR Italian ryegrass was only 63% with
glyphosate at 2.58 kg/ha 10 DAA (ES). All other herbicide(s) combinations and
application timings did not adequately control GR Italian ryegrass.
Herbicide Control and Application Timings (2007).
GR Italian ryegrass control and growth response to treatments in 2007-2008 are
presented in Table 3.2. No differences were observed among F herbicide treatments 130
DAA, and no treatment controlled GR Italian ryegrass >50%. An herbicide by
application timing interaction was detected during the evaluation of GR Italian ryegrass
141 and 16 days after fall and early spring applications. Paraquat at 0.84 and 1.12 kg/ha
provided 79 to 80% GR Italian ryegrass control 16 DAA (ES). Glufosinate at 0.47 and
0.59 kg/ha and glyphosate at 0.86 plus clethodim at 0.025 or 0.051 kg/ha, provided 56 to
64% control 16 DAA (ES). All other treatments and application timings did not
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adequately control GR Italian ryegrass. An interaction between herbicide and application
timing was detected 153 and 38 days after F and ES. Paraquat at 0.84 and 1.12 kg/ha and
glyphosate at 0.86 plus clethodim at 0.025 and 0.051 kg/ha provided similar GR Italian
ryegrass control 58-69% 38 DAA (ES). All other treatments or application timings did
not adequately control GR Italian ryegrass. At the last evaluation, an interaction between
herbicide and application timing was detected. LS applications of paraquat at 0.84 and
1.12 kg/ha provided 90 to 93% control of GR Italian ryegrass 6 DAA. All other
treatments or application timings provided less than 69% control of GR Italian ryegrass
regardless of herbicide or application timing. No significant differences in dry weight of
GR Italian ryegrass biomass were detected among treatments or application timings. Dry
weights ranged from 880 to 1476 kg/ha.
In the 2006-2007 experiment, fall applications of glyphosate at 1.72 and 2.58
kg/ha, glyphosate at 0.86 kg/ha plus clethodim at 0.051 kg/ha, and paraquat at 0.84 and
1.12 kg/ha, provided similar and the highest level control of GR Italian ryegrass among
all treatments and application timings 104, 120, and 137 DAA. In the 2007-2008
experiment, fall applications of these same herbicides did not control GR Italian ryegrass
as well as the previous year. ES applications of paraquat at 0.84 and 1.12 kg/ha provided
79 to 80% control of GR Italian ryegrass 16 DAA. However, the level of control of GR
Italian ryegrass provided by paraquat 0.84 and 1.12 kg/ha 16 DAA, ES, decreased from
79 to 80% to 63 to 69% 38 DAA, ES, and 56 to 63% control 44 DAA ES. Applications
of paraquat at the same rates during LS provided 90 to 93% control of GR Italian
ryegrass 6 DAA. Differences between the levels of control observed between the
experiments across years can be attributed to the difference in the application timing and
extreme weather conditions.
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During the 2006-2007 experiment, applications were made November 16, 2006,
Feburary 23, 2007, and March 19, 2007, whereas the applications were made November
8, 2007, March 12, 2008, and April 19, 2008 during the 2007-2008 experiment.
Differences in the application timings due to weather conditions allowed for the GR
Italian ryegrass to be at a more advanced phenological growth stage during the
experiment in the previous year.
During the 2006-2007 experiment, daytime temperatures ranged from 22.2 to 26.1
C and nighttime temperatures ranged from 6.6 to 11.1 C. During the 2007-2008
experiment, daytime temperatures were lower and ranged from 15.5 to 17.7 C and
nighttime temperatures were lower ranging from 1.6 to 8.3 C. These temperatures are
within the appropriate range for Italian ryegrass to germinate, emerge, and become
established in the field (Hannaway et al. 1999). Rainfall was also a key factor during the
2007-2008 experiment. During the month of July in 2007, the Mississippi Delta
experienced rainfall and cool temperatures. During the month of August, temperatures
increased and no rainfall occurred until the last three days of the month. Rainfall
continued during the fall and winter months of 2007 and the following spring of 2008.
Cool and wet conditions occurring in early July may have provided a suitable
environment for GR Italian ryegrass to germinate, establish a root system, and time for
the grass to be at an advanced phenological growth stage during the herbicide application
timings compared to GR Italian ryegrass in the 2006-2007 experiment.
Differences were observed in weather conditions and the control levels of GR
Italian ryegrass in the fall with similar herbicides between the two years. In the first
experiment, F applications were made on November 10, 2006, with daytime temperature
of 26.1 C and nighttime temperature of 13.8 C with no rainfall for three days following
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the application. In the second experiment, F applications were made on November 8,
2007, with daytime temperature of 15.5 C and nighttime temperature of 1.6 C followed
by 13 consecutive days of rainfall. Therefore, observed differences in control of GR
Italian ryegrass between experiments could be attributed to weather conditions.
Economics.
Cost of herbicide and tillage treatments applied for control of GR resistant Italian
ryegrass in 2007 and 2008 is presented in Table 3.3. All costs were calculated using the
Mississippi State University Department of Agricultural Economics Budget Report 200802 Cotton Planning Budget (December 2008). Costs are expressed as dollars/kg ai/ha.
Fixed cost of sprayer is expressed in dollars/ha. Each herbicide(s) was applied during fall
(F), early spring (ES), and late spring (LS). Application totals included the fixed cost of
a 27.5 m sprayer ($3.56/ha) and the herbicide(s) applied. Glyphosate at 0.86, 1.72, and
2.58 kg/ha cost $30.50, $57.45, and $84.39 kg ai/ha, respectively. Applications of
glyphosate at 0.86 kg/ha plus clethodim at 0.025 and 0.051 kg/ha cost $37.31 and $44.40
kg ai/ha. Glyphosate at the same rate plus 2,4-D at 0,84 kg/ha cost $36.04 kg ai/ha.
Glyphosate at 0.86 kg/ha plus dicamba at 0.28 kg/ha costs $43.91 kg ai/ha. Glyphosate at
the same rate in combination with 2,4-D at 0.84 kg/ha and flumioxazin at 0.07 kg/ha cost
$56.89 kg ai/ha. Gramoxone at 0.84 kg/ha and 1.12 kg/ha plus Dyne-Amic at 0.25% v/v
cost $32.03 and $41.11 kg ai/ha. Applications of glufosinate at 0.47 and 0.59 kg/ha cost
$26.81 and $32.75 kg ai/ha.
After evaluating the control of and biomass reduction of GR Italian 2006 and
2007, control was found to be inconsistent across trials. Differences in weather and
rainfall patterns affected results of GR Italian ryegrass control across years. However,
71

certain treatments in each trial provided adequate control. In 2006, F applications of
glyphosate at 1.72 and 2.58 kg/ha ($57.45 and $84.39 kg ai/ha) as well as glyphosate plus
clethodim at 0.051 kg/ha ($44.40 kg ai/ha), and paraquat at 0.84 and 1.12 kg/ha
($32.03and $41.11 kg ai/ha) provided similar and the highest level of control of GR
Italian ryegrass among all treatments and applications timings. In 2007, ES applications
of paraquat at both rates provided the highest level of control but not sustained. LS
applications at the same rates during the spring also provided high levels of control.
While ES and LS applications provided control, GR Italian ryegrass not controlled earlier
in the growing season could produce viable seed contributing to the seed bank as well as
additional biomass inhibiting planting in reduced or conservation tillage programs.
Therefore, recommendations for control should be based on fall applied herbicide
programs including glyphosate plus clethodim, and paraquat alone. However, previous
research documented by Christoffoleti et al. (2005) shows that GR biotypes of Italian
ryegrass are more difficult to control with glyphosate applied post anthesis when compare
to control observed at younger phonological growth stages. Choice of herbicide should
not only be based on price alone. Growers should also consider the level of weed pressure
present, weather conditions, crop rotation, the mode of action of herbicides used
previously, and soil type. Growers who are battling GR Italian ryegrass should consider
including the costs fall applied and tillage treatment options above in their budget.
Regardless of weather conditions and variation in control across years, paraquat
provided control of GR Italian ryegrass in both trials. Paraquat at 0.84 and 1.12 kg/ha
provided control of GR Italian ryegrass in both experiments when applied F, ES, and LS.
While paraquat at either rate provided control of GR Italian ryegrass at all application
timings, control was highest with F and LS application timings. Although other
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herbicides provided control of GR Italian ryegrass the results were not consistent across
trials.
No conclusions can be drawn regarding control of GR Italian ryegrass based on
biomass. No biomass data was collected in the first year, and no differences were
detected among herbicide treatments or application timings during the second year. Due
to the differences in weather conditions during the second year of the experiment, the GR
Italian ryegrass received ample rainfall for growth and development. These conditions
could have allowed the GR Italian ryegrass to grow adding additional tillers after
herbicide applications were made causing the biomass data to be skewed resulting in no
differences among treatments.
These results support findings of Christoffoleti et al. (2005) that GR biotypes of
Italian ryegrass are more difficult to control with glyphosate applied at post-anthesis.
Glyphosate also controlled GR Italian ryegrass at younger phenological stages compared
to applications made during later growth stages. However, glyphosate alone and in
combination with clethodim did not result in the same level of control as observed by
Christoffoleti et al. (2005). Paraquat provided excellent control of GR Italian ryegrass.
Based on this research, paraquat should be considered as a postemergence treatment at a
very early growth stage during the fall for control of GR Italian ryegrass. This treatment
may also be applied in the late spring; however, the GR Italian ryegrass would have
produced viable seed and would leave significant residue in field that may inhibit
planting in reduced or conservation tillage programs. In related research, fall applications
of clomazone, KIH-485, s-metolachlor and trifluralin provided residual control of GR
Italian ryegrass. Paraquat could be combined with these herbicides to control emerged
GR Italian ryegrass and provide residual control until spring. Based on the economic
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analysis of effective treatments in this study, herbicide costs for controlling GR Italian
ryegrass range from $32.03-$84.39 kg ai/ha.
Little information regarding control of GR Italian ryegrass with many of the
herbicides evaluated in this experiment is available at this time. Further investigation is
needed to determine successful postemergence herbicide treatments and their subsequent
effects on resulting biomass residue.
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Rate
kg/hab
0.86
0.86
0.86
1.72
1.72
1.72
2.58
2.58
2.58
0.86 +
0.051
0.86 +
0.051
0.86 +
0.051
0.86 +
0.025
0.86 +
0.025
0.86 +
0.025

Glyphosate
Glyphosate
Glyphosate

Glyphosate
Glyphosate
Glyphosate

Glyphosate
Glyphosate
Glyphosate

Glyphosate +
clethodim
Glyphosate +
clethodim
Glyphosate +
clethodim

Glyphosate +
clethodim
Glyphosate +
clethodim
Glyphosate +
clethodim

02/23/2007
03/19/2007

Early Spring
Late Spring

03/19/2007

Late Spring
11/10/2006

02/23/2007

Early Spring

Fall

11/10/2006

11/10/2006
02/23/2007
03/19/2007

11/10/2006
02/23/2007
03/19/2007

11/10/2006
02/23/2007
03/19/2007

Date applied

Fall

Fall
Early Spring
Late Spring

Fall
Early Spring
Late Spring

Fall
Early Spring
Late Spring

Time of
Application

98

99

98

97

85

91

95

94

91

50

81

56

88

86
23

85
29

-----------% control----------78
60
13

41

40

69

49

71

78

78
28
63

70
24
54

35
18
36

-----------Days after applicationa------------19
104
17/120
10/27/137

Glyphosate-resistant Italian ryegrass control with postemergence herbicides applied at various timings (2006-2007).

Herbicide

Table 3.1
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Rate
kg/hab
0.86 +
0.84
0.86 +
0.84
0.86 +
0.84
0.86 +
0.28
0.86 +
0.28
0.86 +
0.28
0.84
0.84
0.84
1.12
1.12
1.12
0.47
0.47
0.47

Herbicide

Glyphosate +
2,4-D
Glyphosate +
2,4-D
Glyphosate +
2,4-D

Glyphosate +
dicamba
Glyphosate +
dicamba
Glyphosate +
dicamba

Paraquatc
Paraquatc
Paraquatc

Paraquatc
Paraquatc
Paraquatc

Glufosinate
Glufosinate
Glufosinate

Table 3.1 (Continued)

80
Fall
Early Spring
Late Spring

Fall
Early Spring
Late Spring
11/10/2006
02/23/2007
03/19/2007

11/10/2006
02/23/2007
03/19/2007

11/10/2006
02/23/2007
03/19/2007

03/19/2007

Late Spring
Fall
Early Spring
Late Spring

02/23/2007

Early Spring

03/19/2007

Late Spring
11/10/2006

02/23/2007

Early Spring

Fall

11/10/2006

Date applied

Fall

Time of
Application

74

99

99

88

88

68

95

91

70

41
20

91
81

88
71

13

58

18

-----------% control----------83
69

85
44
20

80
80
63

76
48
83

28

13

40

35

18

45

-----------Days after applicationa------------19
104
17/120
10/27/137

Rate
kg/hab
0.59
0.59
0.59
0.86 +
0.84 +
0.07
0.86 +
0.84 +
0.07
0.86 +
0.84 +
0.07

Herbicide

Glufosinate
Glufosinate
Glufosinate

Glyphosate +
2,4-D +
flumioxazin
Glyphosate +
2,4-D +
flumioxazin
Glyphosate +
2,4-D +
flumioxazin

Table 3.1 (Continued)

03/19/2007

02/23/2007

Early Spring
Late Spring

11/10/2006

11/10/2006
02/23/2007
03/19/2007

Date applied

Fall

Fall
Early Spring
Late Spring

Time of
Application

8

85

79

14

84

7
3

28

78

-----------% control----------75
53
28

10

7
3

40

20

53

39
25
49

-----------Days after applicationa------------19
104
17/120
10/27/137

Number in days after application indicate days after late spring (March 19, 2007), early spring (February 23, 2007), and fall
(November 10, 2006) applications, respectively.
b
All herbicides except glyphosate (ae/kg) are expressed as ai/ha.
c
Dyne-Amic® used as adjuvant.

a

L.S.D. (0.05)
Herbicide
Time of
application
Herbicide *
Time of
application
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Rate

kg/hab
0.86
0.86
0.86

1.72
1.72
1.72

2.58
2.58
2.58

0.86 +
0.051
0.86 +
0.051
0.86 +
0.051

0.86 +
0.025
0.86 +
0.025
0.86 +
0.025

Glyphosate
Glyphosate
Glyphosate

Glyphosate
Glyphosate
Glyphosate

Glyphosate
Glyphosate
Glyphosate

Glyphosate +
clethodim
Glyphosate +
clethodim
Glyphosate +
clethodim

Glyphosate +
clethodim
Glyphosate +
clethodim
Glyphosate +
clethodim
03/12/2008
04/19/2008

Early Spring
Late Spring

04/19/2008

Late Spring
11/8/2007

03/12/2008

Early Spring

Fall

11/8/2007

11/8/2007
03/12/2008
04/19/2008

11/8/2007
03/12/2008
04/19/2008

11/8/2007
03/12/2008
04/19/2008

Date applied

Fall

Fall
Early Spring
Late Spring

Fall
Early Spring
Late Spring

Fall
Early Spring
Late Spring

Time of
application

94

97

97

96

89

12

46

41

35

39

59

38

64

33

31
35

35
30

58

30

64

25

20
26

26
21

31

56

30

41

64

24

23
26
58

24
21
41

1880

1150

1400

1350

660

1460

1520
930
860

1490
1540
1260

-----------Days after applicationa------------104
17/121
10/27/131
10/27/131
Dry wtd
-----------% control----------kg/ha
30
26
20
23
1050
11
9
9
1350
25
1220

Glyphosate-resistant Italian ryegrass control and biomass with postemergence herbicides applied at various timings
(2007-2008).

Herbicide

Table 3.2
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Rate

kg/hab
0.86 +
0.84
0.86 +
0.84
0.86 +
0.84

0.86 +
0.28
0.86 +
0.28
0.86 +
0.28

0.84
0.84
0.84

1.12
1.12
1.12

0.47
0.47
0.47

Herbicide

Glyphosate +
2,4-D
Glyphosate +
2,4-D
Glyphosate +
2,4-D

Glyphosate +
dicamba
Glyphosate +
dicamba
Glyphosate +
dicamba

Paraquatc
Paraquatc
Paraquatc

Paraquatc
Paraquatc
Paraquatc

Glufosinate
Glufosinate
Glufosinate

Table 3.2 (Continued)
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Fall
Early Spring
Late Spring

Fall
Early Spring
Late Spring
11/8/2007
03/12/2008
04/19/2008

11/8/2007
03/12/2008
04/19/2008

11/8/2007
03/12/2008
04/19/2008

04/19/2008

Late Spring
Fall
Early Spring
Late Spring

03/12/2008

Early Spring

04/19/2008

Late Spring
11/8/2007

03/12/2008

Early Spring

Fall

11/8/2007

Date applied

Fall

Time of
application

89

99

98

89

83

12

30

50

50

44

36
56

40
79

41
80

6

31

15

18
29

34
63

38
69

6

18

11

23
26
64

29
56
90

35
63
93

21

6

16

18

11

1530
910
850

1500
600
540

1420
670
810

1420

1260

1160

1180

1460

-----------Days after applicationa------------104
17/121
10/27/131
10/27/131
Dry wtd
-----------% control----------kg/ha
36
28
18
18
1740

Rate

kg/hab
0.59
0.59
0.59
0.86 +
0.84 +
0.07

0.86 +
0.84 +
0.07

0.86 +
0.84 +
0.07

Herbicide

Glufosinate
Glufosinate
Glufosinate
Glyphosate +
2,4-D +
Flumioxazin

Glyphosate +
2,4-D +
Flumioxazin

Glyphosate +
2,4-D +
flumioxazin
Herbicide
Time of
application
Herbicide *
Time of
application

Table 3.2 (Continued)

Late Spring

Fall

Fall
Early Spring
Late Spring
Early Spring

Time of
application

04/19/2008

11/8/2007

11/8/2007
03/12/2008
04/19/2008
03/12/2008

Date applied

NS

82

91

12

13

40

13
13
18

13

24

8
3

28

16

11
11

36

21

NS

670
670

1350

1230

-----------Days after applicationa------------104
17/121
10/27/131
10/27/131
Dry wtd
-----------% control----------kg/ha
39
34
18
18
1490
60
36
34
860
69
880
30
19
14
1680

Number in days after application indicate days after late spring (April 19, 2008), early spring (March 12, 2008), and fall
(November 8, 2007) applications, respectively.
b
All herbicides except glyphosate (ae/kg) are expressed as ai/kg.
c
Dyne-Amic® used as adjuvant.
d
Dry weight represents above ground shoot biomass.

a
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Table 3.3

Treatment cost for postemergence herbicides applied at various timings for
control of glyphosate-resistant Italian ryegrass (2007-2008).

Treatmentab

Rate
kg/ha

Time of
applicationc

Cost
$/hac

Glyphosate
Glyphosate
Glyphosate

0.86
0.86
0.86

Fall
Early Spring
Late Spring

30.50
30.50
30.50

Glyphosate
Glyphosate
Glyphosate

1.72
1.72
1.72

Fall
Early Spring
Late Spring

57.45
57.45
57.45

Glyphosate
Glyphosate
Glyphosate

2.58
2.58
2.58

Fall
Early Spring
Late Spring

84.39
84.39
84.39

Glyphosate +
clethodim
Glyphosate +
clethodim
Glyphosate +
clethodim

0.84 +
0.051
0.84 +
0.051
0.84 +
0.051

Fall

44.40

Early Spring

44.40

Late Spring

44.40

Glyphosate +
clethodim
Glyphosate +
clethodim
Glyphosate +
clethodim

0.84 +
0.025
0.84 +
0.025
0.84 +
0.025

Fall

37.31

Early Spring

37.31

Late Spring

37.31

Glyphosate +
2,4-D
Glyphosate +
2,4-D
Glyphosate +
2,4-D

0.86 +
0.84
0.86 +
0.84
0.86 +
0.84

Fall

36.04

Early Spring

36.04

Late Spring

36.04

Glyphosate +
dicamba
Glyphosate +
dicamba
Glyphosate +
dicamba

0.86 +
0.28
0.86 +
0.28
0.86 +
0.28

Fall

43.91

Early Spring

43.91

Late Spring

43.91
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Table 3.3 (Continued)
Treatmentab

Rate
kg/ha

Time of
applicationc

Cost
$/hac

Paraquatc
Paraquatc
Paraquatc

0.84
0.84
0.84

Fall
Early Spring
Late Spring

32.03
32.03
32.03

Paraquatc
Paraquatc
Paraquatc

1.12
1.12
1.12

Fall
Early Spring
Late Spring

41.11
41.11
41.11

Glufosinate
Glufosinate
Glufosinate

0.47
0.47
0.47

Fall
Early Spring
Late Spring

26.81
26.81
26.81

Glufosinate
Glufosinate
Glufosinate

0.59
0.59
0.59

Fall
Early Spring
Late Spring

32.75
32.75
32.75

0.86 +
0.84 +
0.07
0.86 +
0.84 +
0.07
0.86 +
0.84 +
0.07

Fall

56.89

Early Spring

56.89

Late Spring

56.89

Glyphosate +
2,4-D +
flumioxazin
Glyphosate +
2,4-D +
flumioxazin
Glyphosate +
2,4-D +
flumioxazin
a

All herbicides except glyphosate (ae/ha) all others are expressed as ai/ha.
Dyne-Amic® used as adjuvant.
c
Application costs for herbicide, sprayer 27.5 meter boom $3.56/ha, (Cotton 2009
Planning Budgets Mississippi State University Dept. of Agricultural Economic Budget
Report 2008-02).
b
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CHAPTER IV
EVALUATION OF SYSTEMS APPROACH ENCOMPASSING TILLAGE REGIMES,
HERBICIDE COMBINATIONS, AND APPLICATION TIMING FOR CONTROL
OF GLYPHOSATE-RESISTANT ITALIAN RYEGRASS
Abstract
Experiments were conducted in the Mississippi Delta to evaluate a complete
systems approach encompassing tillage regimes, herbicide combinations, and application
timings for control of glyphosate-resistant (GR) Italian ryegrass. Two studies were
established in 2007, terminated in 2008, and repeated in space at an on farm site location
near Tribbett, Mississippi. Commonly used herbicides used for residual and
postemergence weed control in the Mississippi Delta were applied alone and in
combination with different tillage regimes in the fall and again in the spring prior to
planting. In trial 1, preplant incorporated (PPI) applications of clomazone and/or smetolachlor fb preemergence (PRE) applications of paraquat + linuron + non-ionic
surfactant (NIS) were consistent in controlling and reducing biomass of GR Italian
ryegrass. In trial 2, stale seedbed (SH) clomazone and or s-metolachlor + paraquat +
linuron + NIS+ fb PRE of paraquat + linuron + NIS were consistent in controlling and
reducing biomass of GR Italian ryegrass. Nontreated fall fb preplant (NPRE) treatments
alone did not adequately control GR Italian ryegrass in either trial resulting in
significantly higher biomass when compared to other treatments. Highest cotton plant
densities were observed where paraquat + linuron + NIS PRE were applied in both trials
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regardless of fall treatment. Based on this research, a control system should include a fall
applied incorporated residual herbicide followed by a preplant application of paraquat +
linuron + NIS to control and reduce GR Italian ryegrass biomass.
Nomenclature: biomass, clomazone, dicamba, disk, fall, glyphosate, glyphosate-resistant
Italian ryegrass, linuron, Lolium perenne L. ssp. multiflorium (Lam.)
Husnot., s-metolachlor, trifluralin, tillage, residual, paraquat,
postemergence.
Additional index words: application timing, glyphosate resistance, postemergence, preplant incorporated, stale seedbed, weed resistance.
Introduction
Use of glyphosate to control weeds in genetically-engineered glyphosate-resistant
crops such as soybean [Glycine max (L.) Merr.], cotton (Gossypium hirsutum L.), canola
(Brassica napus L.), and corn (Zea mays L.) has resulted in a significant increase in
glyphosate use worldwide (Duke and Powles 2008; Powles et al. 1997). Glyphosateresistant crops provide growers with a weed control program that is extremely effective
with minimal risk of injury to the crop (Carpenter and Gianessi 1999; Green 2007).
These crops also permit farmers to implement no-tillage or reduced tillage systems that
reduce input costs and use of equipment (Carpenter and Gianessi 1999). Utilizing
glyphosate in weed control programs as an alternative to conventional herbicide
programs and tillage practices reduces soil erosion and diminishes loss of valuable top
soil, while providing management of difficult-to-control annual and perennial weeds
(Fawcett and Towery 2004; Gianessi 2005). Introduction of glyphosate-resistant crops
contributed to significant increases in no-tillage and strip tillage production hectarage
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(Cerdeira and Duke 2006; Service 2007; Young 2006). In 1995, glyphosate became one
of the top three herbicides used to control vegetation prior to planting in no-tillage
soybean (Young 2006). Use of glyphosate has continually increased since 1995 with the
largest increase of 18% occurring between 1997 and 1998 (Young 2006).
Untimely glyphosate applications do not provide adequate weed control. Delayed
glyphosate application in no-tillage production systems contributed to increased seed
production from winter annual weeds as well as early-season weed interference with the
crop (Owen 1997; Young 2006). Severe reduction or elimination of soil residual
herbicides in weed control programs, lack of crop rotation, failure to alternate herbicides
with various modes of action and sole dependence on glyphosate reduces the biodiversity
of arable land and creates an environment for selection of glyphosate-resistant weeds
(Conner et al. 2003; Firbank and Forcella 2000; Green 2007; Powles 2003; Watkinson et
al. 2000). Delaying glyphosate applications and increasing rate and/or the number of
glyphosate applications will most likely promote a shift towards glyphosate tolerant
weeds and contribute to enhanced evolution of glyphosate-resistant weed species (Green
2007; Owen 2001; Young 2006). Examples include glyphosate-resistant horseweed
(Conyza canadensis L.) and Palmer amaranth (Amaranthus palmeri S. Wats) in cotton
and soybean production systems (Culpepper et al. 2006; Koger et al. 2004a; Mueller et al.
2003; VanGessel 2001). Regardless of the overreliance on glyphosate, the use of
glyphosate and development of additional glyphosate-resistant crops and turfgrasses are
growing and expanding rapidly (Green 2007).
Italian ryegrass is described as a short, rhizomatous, annual or biennial
bunchgrass that grows from 30 to 90 cm tall, often with erect stems exhibiting purple
coloration at the base (Davies 1928). Seeds germinate when adequate moisture is
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available and will tolerate a wide range of daytime temperature fluctuations and light
regimes. Germination occurs within six to ten days when temperatures are between 10 to
30 C during the daytime (Hannaway et al. 1999). Plants grow vigorously in winter and
early-spring and are highly competitive for nutrients, water, and sunlight. Italian ryegrass
establishes quickly and grows rapidly in a wide range of soils with pH levels ranging
from 5 to 7.9 and various drainage regimes. Italian ryegrass can withstand -22 C and
requires 150 frost free days for reproduction (Carey 1995; USDA 2002). Due to the
vigorous seedling and plant growth, Italian ryegrass has a tendency to dominate
companion species and those with smaller seeds and slower development (Davies 1928).
The United States grows approximately three million acres of annual ryegrass
with 90% being used for winter pasture in the southeast (USDA 2002). Italian ryegrass is
extremely palatable and nutritious to all types of livestock and many cultivars are grown
for pasture, hay, and silage (Carey 1995; Hall 1992; USDA 2002). The high production
capacity and forage quality of Italian ryegrass makes it a popular feed source, when hay
is in short supply, and an excellent wildlife food source (Hall 1992; Hannaway et al.
1999). Italian ryegrass is also used for soil stabilization. An extensive, shallow, and
fibrous root system enables Italian ryegrass to establish quickly and prevent soil erosion
while allowing slower growing, longer lived grass species to become established
(Hafenrichter et al. 1968; Hall 1992; Hannaway et al. 1999).
Ryegrass species and Italian ryegrass readily hybridize and escape cultivation,
resulting in naturalization along roadsides (Carey 1995; Rutledge and McLendon 1996;
Wilken 1993). Italian ryegrass has become a problematic weed along roadsides and in
cereal, vegetable, and grass seed crops (Appleby et al. 1976; Bell 1995; Stanger et al.
1989; Taylor and Coats 1996). Italian ryegrass densities of 600 to 1,000 plants/m2 have
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contributed to 100% yield loss in broccoli (Brassica oleracea var. botrytis) production
(Bell 1995). Competition between Italian ryegrass and cereal crops has resulted in 60%
or higher yield loss (Appleby et al. 1976).
Control of Italian ryegrass along roadsides and in crop production areas has been
achieved using herbicides in the past. Preemergence applications of chlorsulfuron at 18
and 35, and 26 g ai/ha provided 73% to 98% and 88 to 94% Italian ryegrass control,
respectively, in wheat (Griffin 1986; Klingaman and Peeper 1989). Scott and French
(1999) documented 84 and 75% control of Italian ryegrass when pendimethalin (1,100 g
ai/ha) was applied preemergence and 5 days after wheat planting, respectively.
Triasulfuron applied preemergence at 26 and 53 g ai/ha controlled Italian ryegrass 77 and
91%, respectively (Klingaman and Peeper 1989). Two- to four-leaf Italian ryegrass was
controlled 97 to 98% when metribuzin was applied at 420 g ai/ha (Griffin 1986).
Italian ryegrass is one of the most common and problematic weeds of wheat
(Triticum aestivum L.) in the southeastern United States (Webster 2008). Cultural
practices to control diclofop-resistant Italian ryegrass in wheat include increased tillage,
delayed planting, increased seeding rate, narrow rows, and crop rotation (Justice et al.
1994). These practices were less effective than herbicides in controlling Italian ryegrass
in Oklahoma. Current recommendations from Arkansas include a program approach to
control diclofop-resistant Italian ryegrass in wheat (Scott et al. 2008). This approach
includes (1) full tillage when Italian ryegrass first emerges followed by a postemergence
application of a grass herbicide, (2) preemergence application of chlorsulfuron plus
metsulfuron in the fall followed by a postemergence grass herbicide, or (3) sequential
application of penoxaden or mesosulfuron-methyl in the fall followed by spring
applications of either penoxaden or mesosulfuron-methyl (Scott et al. 2008).
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Two separate populations of rigid ryegrass (Lolium rigidum) from Australia
exhibited a 7- to 11- and 10-fold resistance to glyphosate (Pratley et al.1999; Powles et
al. 1998). GR rigid ryegrass has also been documented in South Africa and California
(Heap 2010). In 1999, populations of Italian ryegrass with a 2- to 4-fold resistance to
glyphosate were identified in two different fruit orchards in Chile (Perez and Kogan
2003). Ineffective control of Italian ryegrass in a filbert (Corylus avellana L.) orchard in
Portland, Oregon, where glyphosate had controlled weeds in the orchard successfully the
previous 15 years was documented in 2003 (Perez-Jones et al. 2005). Glyphosate
tolerance of the Oregon population was 5-fold compared with the susceptible population
(Perez-Jones et al. 2005). Nandula et al. (2007) documented the first GR Italian ryegrass
populations in row crop production in the United States. Two separate Italian ryegrass
populations from Mississippi survived glyphosate rates up to 0.84 and 1.68 kg ae/ha.
This represented a 3-fold tolerance to glyphosate compared with the susceptible
population (Nandula et al. 2007). Taylor and Coats (1996) documented two
sulfometuron-resistant biotypes of Italian ryegrass located along U.S. Highway 49E and
State Highway 14 rights-of-way in Holmes and Humphreys counties, Mississippi. These
biotypes displayed a 10- to 100-fold increase in sulfometuron required to reduce shoot
fresh weight of Italian ryegrass.
Christoffoleti et al. (2005) conducted field and greenhouse experiments to
determine the rate of control of glyphosate-resistant biotypes of Italian ryegrass with
alternative herbicides at specific phenological stages in Brazilian fields with a soybeanwheat rotation. They concluded that glyphosate-resistant Italian ryegrass was more
difficult to control using glyphosate when applied at advanced phenological stages of
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growth. Alternative herbicides provided excellent control when applied at all growth
stages prior to pre-anthesis.
Glyphosate resistance has been documented in nineteen weed species worldwide
(Heap 2010). They include rigid ryegrass (Lolium rigidum Gaud.) in Australia (Powles et
al. 1998; Pratley et al. 1999) and the United States (U.S.) (Simarmata et al. 2003),
goosegrass [Eleusine indica (L.) Gaertn.] in Malaysia (Lee and Ngim 2000; Tran et al.
1999), horseweed [Conyza canadensis (L.) Cronq.] in Brazil, China, Czech Republic,
Spain, and the U.S. (Heap 2010, Koger et al. 2004a; Mueller et al. 2003; VanGessel
2001), Italian ryegrass [Lolium perenne L. ssp. multiflorum (Lam.) Husnot] in Argentina
(Heap 2010), Brazil (Heap 2010), Chile (Perez and Kogan 2003) and the U.S. (Nandula
et al. 2007; Perez-Jones et al. 2005), tall waterhemp (Amaranthus tuberculatus (syn.
rudis) Sauer) in the U.S. (Heap 2010; Owen and Zelaya 2005), common ragweed
(Ambrosia artemisiifolia L.) in the U.S. (Heap 2010: Sellers et al. 2005), Palmer
amaranth (Amaranthus palmeri S. Wats.) in the U.S. (Culpepper et al. 2006; Heap 2010),
hairy fleabane (Conyza bonariensis L.) in Brazil, Colombia, Israel, South Africa, Spain
and the U.S. (Heap 2010), buckhorn plantain (Plantago lanceolata L.) in South Africa
(Heap 2010), wild poinsettia (Euphorbia heterophylla L.) in Brazil (Heap 2010),
johnsongrass [Sorghum halepense (L.) Pers.] in Argentina and the U.S. (Heap 2010),
sourgrass (Digitaria insularis (L.) Mez ex Ekman) in Brazil and Paraguay (Heap 2010),
junglerice (Echinochloa colona (L.) Link) in Australia (Heap 2010), giant ragweed
(Ambrosia trifida L.) in the U.S. (Heap 2010), liverseedgrass (Urochloa panicoides
Beauv.) in Australia, sumantran fleabane (Conyza sumatrensis) in Spain (Heap 2010),
kochia (Kochia scoparia) in the U.S. (Heap 2010), perennial ryegrass (Lolium perenne)
in Argentina (Heap 2010) and ragweed parthenium (Parthenium hysterophorus) in
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Colombia (Heap 2010). The majority of these nineteen weed species have evolved
resistance to glyphosate in row-crop fields.
Glyphosate is relied upon heavily and used as a preplant burndown herbicide,
postemergence treatment, and sometimes as a harvest aid in Mississippi row crop
production (Poston, personal communication). Identification of glyphosate-resistant
Italian ryegrass in Mississippi row crop production areas poses a challenge to growers
utilizing conservation or no tillage systems (Nandula et al. 2007). Heavy infestations of
glyphosate-resistant Italian ryegrass could compromise preplant burndown practices and
weed control options in conservation or no tillage systems. Ineffective control of Italian
ryegrass prior to planting can also result in significant ryegrass residue which impedes
the planting process of in conservation or no tillage crop production systems (Nandula et
al. 2007). Previous research evaluating control of glyphosate-resistant Italian ryegrass
with postemergence applications of clethodim alone and in combination with glyphosate
and/or ammonium sulfate resulted in inadequate control of Italian ryegrass (Bond et al.
2008).
In order to reduce input costs, use of equipment, soil erosion, and number of
herbicide applications, producers have adopted GR crop technologies and have replaced
conventional tillage practices with conservation or no tillage systems (Carpenter and
Gianessi 1999; Cerderia and Duke 2006; Service 2007; Young 2006). Weed ecology,
including seedling recruitment pattern of weed species in field can be greatly influenced
by changes in tillage practices. Tillage prior to and during planting determines the
vertical distribution of weed seeds found in the soil (Pareja et al. 1985; Yenish et al.
1992, 1996) which also impacts weed population dynamics (Buhler 1991). Tillage events
that place weed seed at different depths, moisture levels, temperatures and exposure to
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light potentially influence seed germination (Baskin and Baskin 1985: Mennan 2003).
Seedling emergence from the seed bank can also be affected by the burial of weed seed at
different depths (Benvenuti et al. 2001; Koger et al. 2004b; Shaw et al. 1991). Earlier
emerging weed seedlings may have more vigor than late-emerging ones, which could
influence competition between crops and weeds (O’Donovan et al. 1985.) There is some
evidence that under untilled systems rigid ryegrass seedling recruitment is lower when
compared to a tilled system (Peltzer and Matson 2002). Bhagirath et al. (2006a)
investigated the influence of tillage system on the vertical distribution, seedling
recruitment and persistence of rigid ryegrass seed bank in South Australia. Rigid
ryegrass seedling recruitment and biomass was lower under low-soil-disturbance tillage
system when compared to the high-soil-disturbance tillage system. Under minimumtillage seedling recruitment of rigid ryegrass was 2- to 4 times greater. However, residual
carryover of viable seeds from season to season between tillage systems was similar. In a
separate study, Bhagirath et al. (2006b) found that seedling emergence of rigid ryegrass
buried at 1 cm was greater than seed on the soil surface, and seeds buried at 10 cm did
not emerge. Bhagirath et al. (2006b) concluded that rigid ryegrass would become a
greater weed problem in cultivated seeding systems compared to no-till systems.
It is important to identify effective herbicide and/or cultivation programs and
herbicide application timings that adequately control glyphosate-resistant Italian ryegrass
to prevent competition and reduction in yield in Mississippi row crop production systems.
To identify effective management options for glyphosate-resistant Italian ryegrass, the
objective of this research was to evaluate a complete systems approach which
encompasses tillage regimes, herbicide combinations, and application timings for control
of GR Italian ryegrass. An economic analysis was also conducted to determine the most
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cost effective herbicide(s) and or tillage treatment(s) available to Mississippi growers.
This research will help establish guidelines and recommendations for control and
management of glyphosate-resistant Italian ryegrass in glyphosate-resistant crop
production systems in Mississippi.
Materials and Methods
Experiments were conducted in the Mississippi Delta to evaluate a complete
systems approach encompassing tillage regimes, herbicide combinations and application
timings for control of GR Italian ryegrass. Two studies were established in 2007,
terminated in 2008, and repeated in space at an on farm site location near Tribbett,
Mississippi which possessed an established population of glyphosate-resistant Italian
ryegrass as documented by Nandulat et al. (2007). The soil at the Tribbett location was a
Forrestdale silty clay loam (fine, smectic, thermic Typic Endoaqualf). Plots were
established following no-tillage soybean. Average temperature and total precipitation
were obtained from weather stations maintained by the Delta Agriculture Weather Center
located approximately 16 km from Tribbett (Tables Tables 2.1-2.4).
Herbicide Controls, Application Timings and Tillage.
Treatments applied included commonly used tillage practices and herbicides
utilized for postemergence weed control in the Mississippi Delta. Fall treatments included
disk alone (D), pre-plant incorporated (PPI), and stale seed bed plus herbicide (SH). All
fall treatments were followed by (fb) spring preplant herbicide applications (PRE). Two
nontreated fall fb PRE application treatments (NPRE) were included for comparison.
Treatments were applied November 2, 2007 and March 24, 2008 in trial one and
November 8, 2007 and March 24, 2008 in trial two. The experimental design was a
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randomized complete block with a three-factor factorial treatment arrangement with four
replications. Factors included tillage regime, fall herbicide and spring herbicide program
application timing.
Herbicide treatments included combinations of clomazone at 0.84 kg ai/ha,
dicamba at 0.28 kg ae/ha, glyphosate at 0.84 kg ae/ha, linuron at 0.21 kg ai/ha, smetolachlor at 1.42 kg ai/ha, trifluralin at 1.68 kg ai/ha, and paraquat at 0.84 kg ai/ha +
NIS at 0.25% v/v. All herbicide treatments were applied with a tractor-mounted
compressed air sprayer calibrated to deliver 140 L/ha at 228 kPa using 11003FF nozzles
3

spaced 46 cm apart. Experimental plots measured 4.1m wide by 9.1 m long.
Control of glyphosate-resistant Italian ryegrass was recorded on a 0 (no injury) to

100 (death) scale and expressed as percent control of GR Italian ryegrass. In Trial 1,
control ratings for fall (D, SH, and PPI) applications were taken 15, 35, 150, and 169
days after application (DAA), and control ratings for spring (PRE) applications were
taken 7, and 26 DAA. In Trial 2, control ratings for fall applications were taken 22, 143,
and 161 DAA and 7 and 26 DAA after spring applications. Senesced above ground shoot
biomass samples from a 1-m2 area per plot were collected from both trials in May of
2008. Plant biomass samples were obtained by collecting all plants in a 1-m2 grid in each
plot. Plants were cut at soil level, placed into labeled brown paper bags, and allowed to
dry under greenhouse conditions for 14 days. Dry weights were recorded and expressed
in grams/m2. Following biomass collection, plots were seeded with DP 161 B2RRF
cotton variety May 16, 2008. Plant densities were taken June 12, 2008 from the second
and third row of each four row plot and expressed in # plants/m2.

3

Teejet XR 11003flat-fan nozzle, Spraying Systems Co., North Ave., Wheaton, IL 60189.
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Data were subject to ANOVA using the Statistical Analysis System (version 9.1,
SAS Institute Inc.; Cary, N.C.) and means were separated using Fisher’s LSD Test at P =
0.05 level. Significant year effects were detected. Test of normality on transformed data
did not increase homogeneity of variation; therefore, nontransformed data are presented
separately.
Results and Discussion
Systems Trial 1.
Glyphosate resistant Italian ryegrass and growth response treatments are
presented in Table 4.1. Significant differences were observed with the disk only (D)
treatment. Of the two D treatments, only one provided 88% control where as the second
D treatment provided only 60% control of GR Italian ryegrass 14 days after disking. A
control of 86-93% was observed with all PPI treatments 14 DAA. SH treatments of
clomazone and trifluralin + paraquat + NIS provided 93-95% control. Stale seed bed
(SH) and herbicide applications of s-metolachlor + paraquat did not adequately control
GR Italian ryegrass 14 DAA. SH applications of clomazone and trifluralin+ paraquat +
NIS provided similar control as PPI treatments of clomazone and trifluralin applied alone
at the same rate 14 DAA. All PPI and SH treatments provided significantly better control
(95-86%) than SH treatment of s-metolachlor + paraquat + NIS (69-83%) 14 DAA.
D alone resulted in 43 and 81% control 35 days after disking. PPI treatments of
clomazone, trifluralin, and s-metolachlor provided 59-90% control 35 DAA. Control of
GR Italian ryegrass with PPI treatments of s-metolachlor were significantly higher (90%)
when compared to SH treatment of s-metolachlor + paraquat + NIS (23%) 35 DAA.
Control with SH applications ranged from 23 to 85% 35 DAA.
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Significant differences were detected among fall treatments fb PRE herbicide
applications 7 DAA. PPI treatments of s-metolachlor as well as clomazone fb PRE
application of paraquat + linuron + NIS provided the highest level of control (83-88%) of
GR Italian ryegrass when compared to all other tillage and herbicide treatment
combinations 7 DAA. D treatment fb PRE application of paraquat + linuron, PPI
treatments of trifluralin fb PRE application of paraquat + linuron NIS, s-metolachlor fb
glyphosate + dicamba at, SH treatments of clomazone + paraquat + NIS fb PRE
application paraquat + linuron + NIS, trifluralin + paraquat + NIS fb PRE application of
paraquat + linuron + NIS, and s-metolachlor + paraquat + NIS fb PRE application of
paraquat + linuron + NIS provided 60-69% control 7 DAA. All other tillage and
herbicide treatment combinations did not provide adequate control of GR Italian ryegrass
7 DAA. All D, PPI, and SH tillage treatments and herbicide applications which were fb
PRE applications of paraquat + linuron + NIS provided significantly higher control of GR
Italian ryegrass when compared to the same fall tillage and herbicide applications fb PRE
applications of glyphosate + dicamba 7DDA. NPRE applications of paraquat + linuron +
NIS 59% control compared to 6% control of GR Italian ryegrass with glyphosate +
dicamba 7DDA. NPRE applications did not adequately control GR Italian ryegrass.
Significant differences of GR Italian ryegrass control were also detected among
PRE treatments 26 DAA. PPI of s-metolachlor fb PRE applications of paraquat + linuron
+ NIS as well as PPI of clomazone at fb PRE application of paraquat + linuron + NIS
provided 83-85% control 26 DAA. All other tillage and herbicide treatment
combinations provided <68% control of GR Italian ryegrass 26 DAA. All D, PPI, and
SH tillage treatments and herbicide applications which were fb PRE applications of
paraquat + linuron + NIS provided significantly higher control of GR Italian ryegrass
99

when compared to the same fall tillage and herbicide applications fb PRE applications of
glyphosate + dicamba 26 DDA. NPRE applications of paraquat + linuron + NIS
provided 61% control compared to 6% control of GR Italian ryegrass with glyphosate +
dicamba 26 DDA. NPRE applications did not adequately control GR Italian ryegrass.
Biomass and Plant Density Trial 1.
Tillage regime(s) and herbicide combinations resulted in significant differences
among treatments regarding the amount of GR Italian ryegrass biomass collected at the
conclusion of the study. NPRE treatment of paraquat + linuron, PPI of clomazone fb
PRE applications of paraquat + linuron + NIS , as well as PPI of s-metolachlor fb PRE
applications of paraquat + linuron + NIS significantly reduced GR Italian ryegrass
biomass to 370-510 kg/ha 68 DAA. PPI fb PRE applications of glyphosate + dicamba,
SH of trifluralin + paraquat + NIS fb PRE applications of glyphosate + dicamba, and SH
of s-metolachlor + paraquat + NIS PRE applications of glyphosate + dicamba resulted in
1510 – 2260 kg/ha of GR Italian ryegrass biomass. SH treatments of trifluralin +
paraquat + NIS fb PRE treatments of paraquat + linuron + NIS significantly reduced
biomass to 1070 kg/ha when compared to the same SH fb PRE treatment of glyphosate +
dicamba which resulted in 1650 kg/ha of GR Italian ryegrass biomass. SH treatments smetolachlor + paraquat + NIS fb PRE applications of paraquat + linuron + NIS
significantly reduced biomass to 660 kg/ha when compared to the same SH fb PRE
treatment of glyphosate + dicamba which resulted in 1650 kg/ha of GR Italian ryegrass.
All other tillage and herbicide treatment combinations resulted in similar reduction of GR
Italian ryegrass biomass.
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Plant densities were highest following PPI trifluralin fb PRE paraquat + linuron +
NIS with 101 plants/m2 68 DAA. D only fb PRE of paraquat + linuron + NIS, clomazone
and trifluralin PPI fb glyphosate + dicamba PRE, and NPRE glyphosate + dicamba,
significantly reduced plant density, 63, 62, 65 and 56 plants/m2, respectively (68 DAA).
PPI of clomazone and trifluralin fb PRE paraquat +linuron + NIS resulted in higher plant
densities (91 and 101 plants/m2) when compared to PPI clomazone and trifluralin fb PRE
glyphosate + dicamba (63 and 62 plants/m2) 68 DAA. Plant densities were similar
among all other tillage and herbicide treatment combinations (67-91 plants/m2) 68 DAA.
Systems Trial 2.
Glyphosate resistant Italian ryegrass and growth response treatments are
presented in Table 4.2. All tillage and herbicide treatments provided 90-98 % control of
GR Italian ryegrass 22 DAA. PPI treatments of clomazone and trifluralin as well as SH
treatments of clomazone, trifluralin and s-metolachlor in combination with paraquat +
NIS provided significantly higher control when compared to one of two D treatments 22
DAA. D only treatments provided 90-93% control of GR Italian ryegrass 22 DAA.
Significant differences were detected among fall treatments fb PRE herbicide
applications 7 DAA. PPI treatments of clomazone fb PRE paraquat + linuron + NIS
and/or glyphosate + dicamba, s-metolachlor at fb PRE paraquat + linuron at + NIS
and/or glyphosate + dicamba, SH treatment of clomazone fb PRE paraquat + linuron +
NIS as well as SH s-metolachlor fb PRE paraquat + linuron + NIS provided 92-98%
control of GR Italian ryegrass 7 DAA. PPI treatment of trifluralin fb PRE paraquat +
linuron + NIS provided 83% control 7DAA. D alone fb PRE of paraquat + linuron +
NIS, PPI treatment of trifluralin fb PRE paraquat + linuron + NIS fb PRE trifluralin fb
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PRE paraquat + linuron + NIS, and NPRE of paraquat + linuron + NIS provided only 64 73% control of GR Italian ryegrass 7 DAA. Remaining tillage and herbicide treatment
combinations did not adequately control GR Italian ryegrass (15-34%) 7 DAA.
Treatments of D only, PPI of trifluralin, SH of trifluralin + of paraquat + NIS, and SH of
s-metolachlor + paraquat each followed by PRE of paraquat + linuron + NIS provided
significantly higher control when compared to the same treatments fb PRE of glyphosate
+ dicamba 7 DAA. PPI treatments of clomazone and s-metolachlor as well as SH of
clomazone + paraquat + NIS each fb PRE of paraquat + linuron + NIS or glyphosate +
dicamba provided similar control of GR Italian ryegrass 7 DAA. NPRE of paraquat +
linuron + NIS provided significantly higher control of GR Italian ryegrass (64%) when
compared to the NPRE of glyphosate + dicamba (15%) 7 DAA.
Significant differences were detected among fall treatments fb PRE herbicide
applications 26 DAA. PPI of clomazone, PPI s-metolachlor and SH of clomazone each
fb PRE of paraquat + linuron + NIS or glyphosate + dicamba, PPI of trifluralin fb PRE of
paraquat + linuron + NIS, and SH of s-metolachlor + paraquat + NIS fb PRE of paraquat
+ linuron + NIS provided 83-98% control of GR Italian ryegrass 26 DAA. SH of
trifluralin + paraquat fb PRE of paraquat + linuron + NIS only provided 64% control. D
alone fb PRE of paraquat + linuron + NIS and NPRE paraquat + linuron + NIS provided
same level of control of 61% at 26 DAA. All remaining tillage and herbicide
combinations did not adequately control GR Italian ryegrass 26 DAA. Treatments of D
only, PPI of trifluralin, SH of trifluralin + paraquat + NIS, and SH of s-metolachlor +
paraquat each followed by PRE of paraquat + linuron +NIS provided significantly higher
control when compared to the same treatments fb PRE of glyphosate + dicamba 7 DAA.
PPI treatments of clomazone and s-metolachlor as well as SH of clomazone + paraquat +
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NIS each fb PRE of paraquat + linuron + NIS or glyphosate + dicamba provided similar
control of GR Italian ryegrass 26 DAA. NPRE of paraquat + linuron + NIS provided
significantly higher control of GR Italian ryegrass (64%) when compared to the NPRE of
glyphosate + dicamba (15%) 26 DAA.
Biomass and Plant Density Trial 2.
Tillage regime(s) and herbicide combinations resulted in significant differences
among treatments regarding the amount of GR Italian ryegrass biomass collected at the
conclusion of the study. SH of trifluralin + paraquat + NIS fb PRE of glyphosate +
dicamba produced the most biomass of GR Italian ryegrass (1420 kg/ha) when compared
to all other tillage and herbicide treatments 68 DAA. D only treatment fb PRE of
glyphosate + dicamba and NPRE of glyphosate + dicamba resulted in the second highest
levels of biomass (1030-1060 kg/ha) when compared to all other tillage and herbicide
treatment combinations 68 DAA. Biomass collected from all remaining tillage and
herbicide treatments ranged from 0-510 kg/ha 68 DAA. NPRE of paraquat + linuron +
NIS significantly reduced the amount of biomass (370 kg/ha) when compared to NPRE
of glyphosate + dicamba (1060 kg/ha) 68 DAA. PPI of clomazone fb PRE of paraquat +
linuron + NIS and PPI of s-metolachlor fb PRE of paraquat + linuron + NIS significantly
reduced biomass (70 and 50 kg/ha) when compared to D fb PRE glyphosate + dicamba,
PPI trifluralin fb PRE glyphosate + dicamba, and SH trifluralin at + paraquat fb PRE
glyphosate + dicamba (1030, 510, 1420 kg/ha) 68 DAA. SH of trifluralin + paraquat at
fb PRE of paraquat + linuron + NIS significantly reduced biomass (270 kg/ha) when
compared to SH of trifluralin + paraquat fb PRE of glyphosate + dicamba (1420 kg/ha)
68 DAA.
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Plant density was highest (105-106 plants / m2) following NPRE fb paraquat +
linuron + NIS and SH of trifluralin + paraquat + NIS fb PRE glyphosate + dicamba 68
DAA. When compared to the above treatments, significant reduction in plant densities
were observed following PPI trifluralin fb PRE of glyphosate + dicamba, SH of
clomazone + paraquat + NIS fb PRE of glyphosate + dicamba, SH of trifluralin +
paraquat + NIS fb PRE of paraquat +linuron + NIS, and NPRE of glyphosate + dicamba.
These treatments reduced plant densities to 86, 85, 88, and 89 plants/m2 68 DAA,
respectively. PPI of trifluralin fb PRE of paraquat + linuron + NIS resulted in
significantly higher plant densities (97 plants/m2) than PPI of trifluralin fb PRE of
glyphosate + dicamba (68 plants/m2) 68 DAA. SH of clomazone + paraquat fb PRE of
paraquat + linuron + NIS resulted in significantly higher plant densities (98 plants/m2)
when compared to SH of clomazone + paraquat fb PRE glyphosate + dicamba (85
plants/m2) 68 DAA. NPRE of paraquat + linuron also had significantly higher plant
densities (106 plants/m2) when compared to NPRE of glyphosate + dicamba (88
plants/m2) 68 DAA. All other tillage and herbicide treatment combinations had similar
plant densities (93-100 plants/m2) 68 DAA.
Economics.
Cost of herbicide and tillage treatments applied for control of GR resistant Italian
ryegrass in 2007 and 2008 is presented in Table 4.3. All costs were calculated using the
Mississippi State University Department of Agricultural Economics Budget Report 200802 Cotton Planning Budget (December 2008). Costs are expressed as dollars/kg ai/ha.
Fixed cost of 8.5 m disk/harrow and 27.5 m sprayer was $18.58/ha and $3.56/ha,
respectively (expressed in dollars/ha). All treatments that received tillage and/or
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incorporation disk (D) alone and in combination with herbicide(s) (PPI) in the fall
includes the cost of an 8.5 m disk/harrow, 27.5 m sprayer, and herbicide(s) applied. All
costs for stale seedbed (SH) treatments applied in the fall and preemergence (NPRE and
PRE) applied in the spring includes the use of a 27.5 m sprayer and the herbicide(s)
applied. D in the fall fb paraquat + linuron PRE cost $57.58 kg ai/ha, D fb glyphosate +
dicamba cost $65.49 kg ai/ha. D +clomazone PPI fb paraquat + linuron + NIS PRE cost
$124.94 kg ai/ha. D + command PPI fb glyphosate and dicamba cost $132.85 kg ai/ha.
D + trifluralin PPI fb paraquat + linuron + NIS cost $87.88 kg ai/ha. D + trifluralin PPI
fb glyphosate + dicamba PRE cost $93.70. D + s-metolachlor PPI fb paraquat + linuron
+ NIS PRE cost $102.97 kg ai/ha. D + s-metolachlor PPI fb glyphosate + dicamba PRE
cost $110.97. Clomzaone + paraquat + NIS SH fb paraquat + linex + NIS PRE cost
$126.47 kg ai/ha. Clomazone + paraquat + NIS SH fb glyphosate + dicamba PRE cost
$141.18 kg ai/ha. Trifluralin + paraquat + NIS SH fb paraquat + linuron + NIS PRE cost
$94.44 kg ai/ha. Trifluralin + paraquat + NIS SH fb glyphosate + dicamba PRE cost
$113. 59 kg ai/ha. Tankmix of s-metolachlor + paraquat + NIS SH fb paraquat + linuron
+ NIS Pre cost $111.62 kg ai/ha. Tankmix of s-metolachlor + paraquat + NIS SH fb
glyphosate + dicamba cost $120.77 kg ai/ha. NPRE treatment of paraquat + linuron +
NIS cost $39.00 and NPRE of glyphosate and dicamba cost $46.91.
Impact of weather, rainfall, irrigation and incorporation of herbicides affected
consistency across trials. After evaluating the control of and biomass reduction of GR
Italian 2006 and 2007, the following tillage and or herbicide recommendations would be
recommended: In trial one, PPI clomazone fb paraquat + linuron + NIS PRE ($124.94 kg
ai/ha) and s-metolachor PPI fb paraquat + linuron + NIS PRE ($102.97 kg ai/ha)
provided consistent control and biomass reduction of GR Italian ryegrass. In trial 2,
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clomazone + paraquat + linuron + NIS SH fb paraquat + linuron+ NIS PRE ($126.47 kg
ai/ha) and s-clomazone + paraquat + linuron + NIS SH fb paraquat + linuron + NIS PRE
($111.62 kg ai/ha). These results show that the same herbicides provide control of GR
Italian ryegrass, however the time when the grower chooses to make the application will
determine the cost. Should the grower choose to implement the fall PPI treatments
overall costs will be less, reduce GR Italian ryegrass biomass residue present at the time
of planting, and potientially prevent additional seed contributuion to the seed bank.
While there is only a $2.00 difference in the clomazone PPI and SH treatments, the smetolachlor treatment increases by almost $9.00 kg ai/ha with the SH application.
Choice of herbicide should not be based on price alone. Growers should also consider the
level of weed pressure present, weather conditions, crop rotation, the mode of action of
herbicides used previously, and soil type. Growers who are battling GR Italian ryegrass
should consider including the costs fall applied and tillage treatment options above in
their budget
In both trials, control of GR Italian ryegrass using D alone in the fall was variable
regardless of the PRE program applied. NPRE treatments alone did not adequately
control GR Italian ryegrass in either trial. In trial one, fall programs which were fb PRE
program containing paraquat + linuron + NIS controlled GR Italian ryegrass and reduced
biomass compared to fall programs which were fb PRE program containing glyphosate +
dicamba. Control and reduction of biomass of GR Italian ryegrass in trial two were also
observed with some of the same tillage and herbicide combinations; however, the results
were not as consistent as trial one. In trial one, PPI clomazone and/or s-metolachlor fb
PRE of paraquat + linuron + NIS were consistent in controlling and reducing biomass of
GR Italian ryegrass. In trial 2, SH clomazone and or s-metolachlor + paraquat + linuron
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+ NIS+ fb PRE of paraquat + linuron + NIS were consistent in controlling and reducing
biomass of GR Italian ryegrass. While treatments did not provide the same results across
both trials, it is evident that tillage in combination with residual herbicides provided best
control of GR Italian ryegrass. In no-till or stale seed bed production systems, the
combination of a residual herbicide and paraquat applied in the fall and followed by
paraquat and linuron in the spring increased control and reduced biomass of GR Italian
ryegrass. NPRE treatments alone did not adequately control GR Italian ryegrass in either
trial resulting in significantly higher biomass when compared to other treatments.
Highest cotton plant densities were observed where paraquat + linuron + NIS PRE were
applied in both trials regardless of fall treatment.
Soil conditions during tillage events in trial one differed from those in trial two.
Soil was much drier when tillage and herbicide applications were made to trial one.
Dryness of the soil would have allowed the soil to be turned and broken much easier
allowing roots of GR Italian ryegrass to be severed and exposed to environmental
elements and complete incorporation of herbicides applied at that time. Differences in
soil moisture between the two trials during the tillage events and herbicide application
could explain the consistency of treatments in trial one and the inconsistent results
observed in trial two.
In trial two, the soil was not as dry and did not crumble as easily during tillage
events and herbicide applications. During tillage treatments the soil broke into large
clods containing GR Italian ryegrass plants which remained fully intact. These plants
were not destroyed as in trial one. Intact plants, rooted in large clods of soil could
continue to grow and develop after receiving the herbicide application following the
tillage event. GR Italian ryegrass seed located on the soil surface were most likely not
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incorporated as well as those in trial one due to soil conditions. Poor incorporation of
residual herbicides may contribute to the reduced control from PPI treatments when
compared to SH treatments. Differences in soil conditions could also explain the
consistency of some PPI treatments in both trials as well as those PPI treatments which
were inconsistent across trials.
Weather conditions also contributed to the differences in control observed across
trials. During the 2007-2008 experimental year, daytime temperatures ranged from 15.5
to 17.7 C and nighttime temperatures ranged from 1.6 to 8.3 C. These temperatures are
within the appropriate range for Italian ryegrass to germinate, emerge, and become
established in the field (Hannaway et al. 1999). Rainfall was also a key factor during
2007-2008. During July 2007, the Mississippi Delta experienced rainfall and cool
temperatures. During the month of August, temperatures increased and no rainfall
occurred until the last three days of the month. Rainfall continued during the fall and
winter months of 2007 and the following spring of 2008. Cool and wet conditions
occurring in early July may have provided a suitable environment for GR Italian ryegrass
to germinate, establish a root system, and allowed the GR Italian ryegrass to be at an
advanced phenological growth stage during the tillage and herbicide application timings
in the fall. Rainfall during the fall would have allowed any new emerging GR Italian
ryegrass to become well established prior to tillage or herbicide applications. Due to
these weather conditions there may have been continuous flushes of GR Italian ryegrass
from July until November prior to and following any tillage and herbicide applications
contributing to the inconsistent results across trials.
Plant densities were higher overall in trial two when compared to plant densities
in trial one. This could be attributed to irrigation problems. Trial two was located at the
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lower end of the field closest to the water source and was received adequate irrigation
water and was slower to drain than trial one located at the higher end of the field. Trial
one was located further away from the water source and irrigation pipe was often
ruptured by animals, causing unequal distribution of water across the trial. Therefore, it
is difficult to draw any conclusions to determine if the GR Italian ryegrass residue and
any allelopathic properties contributed to the low cotton germination rate in trial one.
More research is needed to determine the effects of GR Italian ryegrass residue and
potential alleleopathic effects on germination and emergence of cotton seedlings.
The success of the PPI treatment of clomazone in the first trial can be attributed to
both the tillage and the herbicide component of the treatment. Webster et al (1999)
documented that clomazone effectively controlled barnyardgrass (Echinochloa crus-galli
(L.) Beauv.). Clomazone also controls crabgrass [Digitaria sanguinalis (L.) Scop.] and
fall panicum (Panicum dichotomiflorum) (Scott et al. 2008). In an earlier trial, GR Italian
ryegrass was controlled with fall PPI applications of clomazone. Based on this research,
PPI applications of clomazone fb PRE applications of paraquat + linuron + NIS should be
considered as a component of a system for controlling GR Italian ryegrass. In an earlier
trial, s-metolachlor applied PRE provided residual control of GR Italian ryegrass. PPI
applications of s-metolachlor fb PRE of paraquat + linuron + NIS controlled GR Italian
ryegrass. Due to this research, the state of Mississippi received a 24 (c) herbicide label
for Dual Magnum (Syngenta) for cotton, corn and soybeans. SH treatments of
clomazone and s-metolachlor + paraquat fb PRE of paraquat + linuron + NIS also
controlled and reduced biomass of GR Italian ryegrass. However, this approach allows
for GR Italian ryegrass seed to be left on the soil surface rather than be incorporated into
the soil. Costs of treatments including PPI or SH applications of clomazone and or s109

metolachlor + paraquat +NIS fb paraquat + linuron+ NIS PRE range from $102.97$126.47 kg ai/ha.
To date little is known about seed decay of buried seed as opposed to surface seed
in the Mississippi Delta. More research is needed to understand the effects of burial
depth and decay of soil surface seed and the effects on germination GR Italian ryegrass
seed to fully understand the impact of stale seed bed vs. tillage systems. Based on this
research, a system should include a fall applied incorporated residual herbicide followed
by a preplant application of paraquat + linuron + NIS to control and reduce GR Italian
ryegrass biomass. Research by Bhagirath et al. (2006ab) resulted in differences among
tillage regimes and resulting effects on vertical distribution, seedling recruitment and
persistence of rigid ryegrass in the seed bank in southern Australia. Seed burial and
decay trials resulted in differences which provided information regarding the influence of
environmental factors on seed germination and seedling emergence of rigid ryegrass.
These experiments provide baseline data to justify initiating similar experiments in the
Mississippi Delta to gather vital information regarding seed biology of GR Italian
ryegrass. Further investigation is needed to determine the influence of different tillage
systems on vertical distribution, seedling recruitment, and persistence of GR Italian
ryegrass in the seed bank as well as the influence of the environmental factors on seed
germination and seedling emergence of GR Italian ryegrass in the Mississippi Delta.
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b

0.84 +
0.84 +
0.21
0.84 +
0.86 +
0.28
1.68 +
0.84 +
0.21

Disk +
clomazone +
glyphosate +
dicamba

Disk +
trifluralin +
paraquat +
linuron

0.86 +
0.28

Disk +
glyphosate +
dicamba

Disk +
clomazone +
paraquat +
linuron

0.84 +
0.21

kg/hac

Rate

Fall PPI
Fall PPI
Preplant
Preplant

Fall PPI
Fall PPI
Preplant
Preplant

Fall PPI
Fall PPI
Preplant
Preplant

Fall PPI
Preplant
Preplant

Fall PPId
Preplant
Preplant

Time of
application

11/02/2007
11/02/2007
03/24/2008
03/24/2008

11/02/2007
11/02/2007
03/24/2008
03/24/2008

11/02/2007
11/02/2007
03/24/2008
03/24/2008

11/02/2007
03/24/2008
03/24/2008

11/02/2007
03/24/2008
03/24/2008

Date applied

86

93

90

60

88

14

80

69

88

43

68

51

83

9

65

50

80

8

1080

1300

510

2260

101

63

91

67

----------------------Days after applicationa----------------------35
7/150
26/169
68/211
68/211
Biomass
Density
-----------% control----------kg/ha
#/m2
81
60
59
1070
56

Glyphosate-resistant Italian ryegrass control and biomass with combination of tillage and herbicides applied at various
timings Trial 1 (2007-2008).

Disk +
paraquat +
linuron

Treatment

Table 4.1
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1.42 +
0.86 +
0.28
0.84 +
0.84 +
0.84 +
0.21
0.84 +
0.84 +
0.86 +
0.28

Clomazone +
paraquat +
paraquat +
linuron

Clomazone +
paraquat +
glyphosate +
dicamba

1.42 +
0.84 +
0.21

Disk +
s-metolachlor+
paraquat +
linuron

Disk +
s-metolachlor +
glyphosate +
dicamba

1.68 +
0.86 +
0.28

kg/hac

Rate

Disk +
trifluralin +
glyphosate +
dicamba

Treatment

b

Table 4.1 (Continued)
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Stale
Stale
Preplant
Preplant

Stale
Stale
Preplant
Preplant

Fall PPI
Fall PPI
Preplant
Preplant

Fall PPI
Fall PPI
Preplant
Preplant

Fall PPI
Fall PPI
Preplant
Preplant

Time of
application

11/02/2007
11/02/2007
03/24/2008
03/24/2008

11/02/2007
11/02/2007
03/24/2008
03/24/2008

11/02/2007
11/02/2007
03/24/2008
03/24/2008

11/02/2007
11/02/2007
03/24/2008
03/24/2008

11/02/2007
11/02/2007
03/24/2008
03/24/2008

Date applied

95

95

89

91

89

14

66

85

75

90

38

69

61

88

38

68

55

85

920

830

1470

460

78

75

79

67

----------------------Days after applicationa----------------------35
7/150
26/169
68/211
68/211
Biomass
Density
-----------% control----------kg/ha
#/m2
59
26
26
1510
62

1.42 +
0.84 +
0.84 +
0.21
1.42 +
0.84 +
0.86
0.21

S-metolachlor +
paraquat +
glyphosate +
linuron

Trifluralin +
paraquat +
glyphosate +
dicamba

S-metolachlor +
paraquat +
paraquat +
linuron

1.68 +
0.84 +
0.86 +
0.28

Trifluralin +
paraquat +
paraquat +
linuron

Rate
kg/hac
1.68 +
0.84 +
0.84 +
0.21

Treatment

b

Table 4.1 (Continued)
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Stale
Stale
Preplant
Preplant

Stale
Stale
Preplant
Preplant

Stale
Stale
Preplant
Preplant

Stale
Stale
Preplant
Preplant

Time of
application

11/02/2007
11/02/2007
03/24/2008
03/24/2008

11/02/2007
11/02/2007
03/24/2008
03/24/2008

11/02/2007
11/02/2007
03/24/2008
03/24/2008

11/02/2007
11/02/2007
03/24/2008
03/24/2008

Date applied

69

83

93

95

14

23

71

61

20

64

16

20

64

16

1650

660

1650

82

79

73

----------------------Days after applicationa----------------------35
7/150
26/169
68/211
68/211
Biomass
Density
-----------% control----------kg/ha
#/m2
70
64
61
740
70

L.S.D. (0.05)

Glyphosate +
dicamba

Preplant
Preplant

Preplant
Preplant

Time of
application

03/24/2008
03/24/2008

03/24/2008
03/24/2008

Date applied

7

14

27

8

6

9

6

830

660

16

65

----------------------Days after applicationa----------------------35
7/150
26/169
68/211
68/211
Biomass
Density
-----------% control----------kg/ha
#/m2
59
61
370
67

Number in days after application indicate days after preplant (March 24, 2008) and fall PPI (November 2, 2007) applications,
respectively.
b
A nonionic surfactant was included with all paraquat treatments.
c
All herbicides except glyphosate (ae/kg) are expressed as ai/kg.

a

0.86 +
0.28

Paraquat +
linuron

Rate
kg/hac
0.84 +
0.21

Treatment

b

Table 4.1 (Continued)
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0.84 +
0.21

0.86 +
0.28

0.84 +
0.84 +
0.21

0.84 +
0.86 +
0.28

1.68 +
0.84 +
0.21

Disk +
glyphosate +
dicamba

Disk +
clomazone +
paraquat +
linuron

Disk +
clomazone +
glyphosate +
dicamba

Disk +
trifluralin +
paraquat +
linuron

kg/hac

Rate

Fall PPI
Fall PPI
Preplant
Preplant

Fall PPI
Fall PPI
Preplant
Preplant

Fall PPI
Fall PPI
Preplant
Preplant

Fall PPI
Preplant
Preplant

Fall PPId
Preplant
Preplant

Time of
application

11/08/2007
11/08/2007
03/24/2008
03/24/2008

11/08/2007
11/08/2007
03/24/2008
03/24/2008

11/08/2007
11/08/2007
03/24/2008
03/24/2008

11/08/2007
03/24/2008
03/24/2008

11/08/2007
03/24/2008
03/24/2008

Date applied

96

97

97

93

83

92

94

34

83

89

94

28

170

230

70

1030

97

100

99

99

------------------Days after applicationa------------------22
7/143
26/161
68/205
68/205
Biomass
Density
----------% control---------kg/ha
#/m2
90
66
61
420
98

Glyphosate-resistant Italian ryegrass control and biomass with combinations of tillage and herbicides applied at
various timings Trial 2 (2007-2008).

Disk +
paraquat +
linuron

Treatment

b

Table 4.2
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1.68 +
0.86 +
0.28
1.42 +
0.84 +
0.21

Disk +
s-metolachlor+
paraquat +
linuron

kg/hac

Rate

Disk +
trifluralin +
glyphosate +
dicamba

Treatment

b

Table 4.2 (Continued)

1.42 +
0.86 +
0.28
0.84 +
0.84 +
0.84 +
0.21
0.84 +
0.84 +
0.86 +
0.28

Disk +
s-metolachlor +
glyphosate +
dicamba

Clomazone +
paraquat +
paraquat +
linuron

Clomazone +
paraquat +
glyphosate +
dicamba
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Stale
Stale
Preplant
Preplant

Stale
Stale
Preplant
Preplant

Fall PPI
Fall PPI
Preplant
Preplant

Fall PPI
Fall PPI
Preplant
Preplant

Fall PPI
Fall PPI
Preplant
Preplant

Time of
application

11/08/2007
11/08/2007
03/24/2008
03/24/2008

11/08/2007
11/08/2007
03/24/2008
03/24/2008

11/08/2007
11/08/2007
03/24/2008
03/24/2008

11/08/2007
11/08/2007
03/24/2008
03/24/2008

11/08/2007
11/08/2007
03/24/2008
03/24/2008

Date applied

96

98

93

94

92

97

92

94

92

97

91

92

380

10

210

50

85

98

100

99

------------------Days after applicationa------------------22
7/143
26/161
68/205
68/205
Biomass
Density
----------% control---------kg/ha
#/m2
91
29
29
510
86

1.68 +
0.84 +
0.86 +
0.28

Trifluralin +
paraquat +
paraquat +
linuron

Trifluralin +
paraquat +
glyphosate +
dicamba

Rate

kg/hac
1.68 +
0.84 +
0.84 +
0.21

Treatment

b

Table 4.2 (Continued)

1.42 +
0.84 +
0.84 +
0.21
1.42 +
0.84 +
0.86
0.21

S-metolachlor +
paraquat +
paraquat +
linuron

S-metolachlor +
paraquat +
glyphosate +
linuron

123
Stale
Stale
Preplant
Preplant

Stale
Stale
Preplant
Preplant

Stale
Stale
Preplant
Preplant

Stale
Stale
Preplant
Preplant

Time of
application

11/08/2007
11/08/2007
03/24/2008
03/24/2008

11/08/2007
11/08/2007
03/24/2008
03/24/2008

11/08/2007
11/08/2007
03/24/2008
03/24/2008

11/08/2007
11/08/2007
03/24/2008
03/24/2008

Date applied

95

98

95

30

98

25

30

98

24

330

0

1420

93

93

105

------------------Days after applicationa------------------22
7/143
26/161
68/205
68/205
Biomass
Density
----------% control---------kg/ha
#/m2
96
73
71
270
89

Glyphosate +
dicamba

Preplant
Preplant

Preplant
Preplant

Time of
application

03/24/2008
03/24/2008

03/24/2008
03/24/2008

Date applied

4

7

15
7

13
340

1060

12

88

------------------Days after applicationa------------------22
7/143
26/161
68/205
68/205
Biomass
Density
----------% control---------kg/ha
#/m2
64
61
370
106

Number in days after application indicate days after preplant (March 24, 2008) and fall PPI (November 8, 2007) applications,
respectively.
b
A nonionic surfactant was included with all paraquat treatments.
c
All herbicides except glyphosate (ae/kg) are expressed as ai/kg.

a

L.S.D. (0.05)

0.86 +
0.28

Paraquat +
linuron

Rate

kg/hac
0.84 +
0.21

Treatment

b

Table 4.2 (Continued)
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Table 4.3

Treatment cost of combinations of tillage and herbicides applied at various
timings for control of glyphosate-resistant Italian ryegrass Trial 1 and 2
(2007-2008).

Treatmentab

Rate

Time of
application

kg/hac

d

Cost
$ kg ai/hae
57.58

Disk +
paraquat +
linuron

0.84 +
0.21

Fall PPI
Preplant
Preplant

Disk +
glyphosate +
dicamba

0.86 +
0.28

Fall PPI
Preplant
Preplant

65.49

Disk +
clomazone +
paraquat +
linuron

0.84 +
0.84 +
0.21

Fall PPI
Fall PPI
Preplant
Preplant

124.94

Disk +
clomazone +
glyphosate +
dicamba

0.84 +
0.86 +
0.28

Fall PPI
Fall PPI
Preplant
Preplant

132.85

Disk +
trifluralin +
paraquat +
linuron

1.68 +
0.84 +
0.21

Fall PPI
Fall PPI
Preplant
Preplant

87.88

Disk +
trifluralin +
glyphosate +
dicamba

1.68 +
0.86 +
0.28

Fall PPI
Fall PPI
Preplant
Preplant

93.70

Disk +
s-metolachlor+
paraquat +
linuron

1.42 +
0.84 +
0.21

Fall PPI
Fall PPI
Preplant
Preplant

102.97

Disk +
s-metolachlor +
glyphosate +
dicamba

1.42 +
0.86 +
0.28

Fall PPI
Fall PPI
Preplant
Preplant

110.97

Clomazone +
paraquat +
paraquat +
linuron

0.84 +
0.84 +
0.84 +
0.21

Stale
Stale
Preplant
Preplant

126.47
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Table 4.3 (Continued)
Treatmentab

Rate

Time of
application

Cost

Clomazone +
paraquat +
glyphosate +
dicamba

kg/hac
0.84 +
0.84 +
0.86 +
0.28

Trifluralin +
paraquat +
paraquat +
linuron

1.68 +
0.84 +
0.84 +
0.21

Stale
Stale
Preplant
Preplant

94.44

Trifluralin +
paraquat +
glyphosate +
dicamba

1.68 +
0.84 +
0.86 +
0.28

Stale
Stale
Preplant
Preplant

113.59

S-metolachlor +
paraquat +
paraquat +
linuron

1.42 +
0.84 +
0.84 +
0.21

Stale
Stale
Preplant
Preplant

111.62

S-metolachlor +
paraquat +
glyphosate +
linuron

1.42 +
0.84 +
0.86
0.21

Stale
Stale
Preplant
Preplant

120.77

Paraquat +
Linuron

0.84 +
0.21

Preplant
Preplant

39.00

Glyphosate +
Dicamba

0.86 +
0.28

Preplant
Preplant

46.91

Stale
Stale
Preplant
Preplant

a

$ kg ai/hae
141.18

A nonionic surfactant was included with all paraquat treatments.
Induce® used as adjuvant.
c
All herbicides except glyphosate (ae/kg) are expressed as ai/kg.
d
Fall PPI, preplant incorporated; Preplant, spring applied preplant application; Stale, stale
seed bed application.
e
Application costs for herbicide, sprayer 27.5 meter boom $3.56/ha, 8.53 meter disk and
harrow $18.58/ha (Cotton 2009 Planning Budgets Mississippi State University Dept. of
Agricultural Economic Budget Report 2008-02).
b
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